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ABSTRACT OF THESIS 
 
 
 
 
AN ANALYSIS OF PERFORMANCE CLAIMS IN ATHLEISURE 
 
 
The purpose of this research was to evaluate performance claims in athleisure, in 
order to confirm or refute their authenticity.  Aesthetic properties and functional claims 
were evaluated initially, and after repeated home laundering.  A convenience 
(nonprobability) sample of activewear with performance features consisted of ninety 
garments that are currently on the market and commonly used by consumers.  The 
garments included men’s and women’s t-shirts, polos, leggings, windbreakers, hoodies, 
sweatpants, and warm-up pants of various fiber contents and performance chemistries.  
The focus of the garment selection was on garments with performance properties relating 
to moisture management.  Performance claims listed on the hang tags included moisture 
management, wicking, quick dry, stay cool, breathable, water resistant and wind resistant.  
Garments in the sample were a combination of natural, synthetic and blended fiber 
contents.  The garments were tested initially, after one, five, ten, fifteen and twenty 
laundry cycles.  The garments were evaluated for smoothness, dimensional stability, 
color change, pilling, horizontal wicking of textiles, water repellency- spray test, water 
resistance- impact penetration, water resistance- hydrostatic pressure, absorbency of 
textiles, aqueous liquid repellency and air permeability.  All testing was performed in 
accordance with AATCC and ASTM standard test methods and was conducted under 
controlled laboratory settings.   
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Chapter One 
 “Leggings are the new denim (Hardy, 2015).”  This statement, made by Nike’s 
CEO, Mark Parker at the Nike Women 2014 Innovation Summit, recapitulates the way 
that every-day apparel trends have transformed over the past twenty years.  In recent 
decades, the performance apparel industry didn’t exist; today, performance apparel is a 
$270 billion industry ("Updating favorites: the modern elements in vintage-looking 
activewear," 2016).  Due to the emergence of modern fibers, fabrics and technology, 
performance clothing has become one of the fastest growing segments of the textile and 
apparel industry (Newell, 2006).  This category of apparel is no longer reserved only for 
athletes and those participating in exercise.  Over the past decade, it has become 
appropriate, and even trendy, for people to wear performance apparel in everyday life.  
According to Cotton Incorporated’s 2014 Sports Apparel survey, 92% of consumers say 
that they wear activewear for activities other than exercise ("Winning in the U.S. 
activewear market," 2014).   
This new category of apparel, a fusion of performance clothing and leisurewear, 
has become known as athleisure, and is growing at a steady rate.  In 2015, women’s 
activewear jumped 17% to $35.4.  The increase in the popularity of athleisure is 
threatening other areas of apparel, especially men’s and women’s jeans, which declined 
4% to $13.1 billion in the same time period (Belgum, 2015).  This is a result of 
activewear’s lethal combination of comfort and slimming features, among other 
beneficial qualities.  Since activewear has become widespread among consumer markets, 
extensive research is being conducted to test performance claims amongst this product 
category.  
Problem Statement 
The majority of activewear is equipped with technologies that are thought to 
improve performance, reduce thermal stress, manage moisture, and improve overall 
comfort (Bishop, Balilonis, Davis, & Zhang, 2013).  These performance claims are often 
written on informative labels (hang tags) in order to educate the consumer (Hyllegard, 
Yan, Ogle, & Lee, 2012). Since athletic apparel has become appropriate everyday wear, it 
is essential that these performance characteristics maintain their functionality after 
repeated laundering.   
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Purpose Statement 
The purpose of this research was to evaluate aesthetic properties and functional 
performance claims in athleisure, in order to confirm or refute their authenticity before 
and after repeated home laundering. 
Research Objectives 
 The research objectives for this study are as follows: 
1.  Analyze aesthetic features with repeated home laundering. 
2.  Analyze functional performance features with repeated home laundering. 
3.  Evaluate performance claims made by various athletic apparel manufacturers.  
Research Questions 
In order to meet the research objectives, the following research questions were 
addressed: 
1.  Do the aesthetic features decrease in effectiveness with repeated home 
laundering? 
2.  Do the functional performance features decrease in effectiveness with repeated 
home laundering? 
3.  Are performance claims made by the manufacturer able to be proven when 
tested in an independent testing facility? 
Justification 
 As more consumers search for clothing that can be both functional and 
fashionable, it is important for industry leaders to understand their preferences and 
provide products that are effective and long lasting.  Today, more individuals are 
investing in activewear than ever before.  A survey conducted by Cotton Incorporated 
concluded that 67% of Americans participate in different sports or fitness activities 
("Winning in the U.S. activewear market," 2014).  With over half of the country’s 
population involving themselves in some sort of physical activity, it is critical that the 
athletic apparel industry meet the needs of this vast consumer base.  
Research suggests that consumers are becoming overwhelmed by the amount of 
information that is listed on apparel labels and hang tags (Hyllegard et al., 2012).  
Though manufacturers include a hang tag to inform the consumer, some companies are 
becoming too technical when describing performance characteristics through wordy 
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vocabulary or complicated illustrations (Baker, 2002; Hyllegard et al., 2012).  In some 
cases, companies are using this to their advantage by including unclear and ambiguous 
content in the descriptions of their performance claims.  Without proper knowledge and 
proof of marketing claims, consumers may be fooled into to paying a premium for a 
garment with performance qualities that don’t function the way they should.  “In such an 
exposed market, with consumer trust at an absolute premium, you must be able to stand 
by every message you communicate to the market” (Choueke, 2009).  The Federal Trade 
Commission (FTC) mandates that manufacturers present performance claims in a 
meaningful, achievable and verifiable way (Levi, 2015; Powers, 1992), and must be able 
to support their claims with evidence ("Federal Trade Commission Act," 1914).  Before 
releasing a product to the public, manufacturers should conduct standardized tests that 
measure product performance against simulated real-world conditions.  
It is considered false advertising for an apparel company to claim that a product 
contains certain technologies if it in fact, does not (Salfino, 2015).  Also falling under the 
category of false advertising are claims that are ambiguous, difficult to understand and 
lack scientific evidence.  The increased use of dubious performance claims has become a 
concern for academics, policy makers and consumers (Polonsky et al., 1998).  Companies 
who engage in deceptive or false advertising are subject to consequences by governing 
bodies such as the FTC.  These consequences can come in the form of cease and desist 
orders, civil, monetary penalties, consumer refunds, corrective advertising, disclosures 
and other informal remedies (FTC, 2001a).  In some cases, clothing companies have been 
fined millions of dollars for making false marketing claims (Spirito, 2016).  Though 
many brands provide clear, scientific evidence in order to prove the effectiveness of their 
performance claims, others do not.  Therefore, it is imperative to examine the 
performance information included on hang tags and apparel labels to ensure its 
factualness.   
Assumptions 
It was assumed that the sample is an adequate representation of activewear 
currently available on the market.  In the Code of Federal Regulations a ‘label,’ is defined 
as “the stamp, tag, label, or other means of identification or authorized substitute 
therefore, required to be on or affixed to wool products by the Act or Regulations and on 
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which the information required is to appear” ("Wool Products Labeling Act," 1939).   For 
the purpose of this study, the terms ‘label’ and ‘hang tag’ were used interchangeably as 
methods of promoting performance claims.  In addition, the terms athleisure, activewear, 
athletic apparel, athletic clothing, performance apparel and performance clothing will be 
used interchangeably. 
Limitations 
Data collection was restricted due to limited funding, time, and access to 
materials.  A convenience sample was used in the collection of data.  A random sample 
was not used due to the expense of activewear.  The sample was representative of current, 
popular athletic brands; however, not all athletic brands were included in this study.  In 
addition, it was not feasible to follow the care instructions on all garments in the sample; 
therefore, the laundry conditions were based on typical consumer behavior when washing 
a mixed clothes load.  A normal wash cycle with cold water was used to launder all 
garments in the sample.   
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Chapter Two 
Review of Related Literature 
The purpose of this research was to evaluate aesthetic properties and functional 
performance claims in athleisure, in order to confirm or refute their authenticity before 
and after repeated home laundering.  The following review of literature will cover the 
topics of apparel classification, performance characteristics, and apparel labeling in 
support of this research. 
The Role of Apparel 
 People have viewed apparel as a sociological necessity for centuries.  Apparel 
serves many purposes by providing protection, comfort, and a source of personal identity 
to virtually all members of society.  This has remained constant over the years, for people 
always have, and always will require some sort of protection from the planet’s natural 
elements.  This idea is supported by Farren and Hutchison (2004) who define clothing as 
the armor for daily life.  In addition to physical needs, psychological and social needs are 
met through the utilization of clothes.  Nudity has never been accepted, and the majority 
of cultures have some sort of dress code, indicating what constitutes as appropriate or 
inappropriate clothing (Farren et al., 2004).  Therefore, clothing is an essential 
requirement needed in order to meet society’s moral code. 
 Researchers have suggested that apparel is a broad topic (Lumpkin, Allen, & 
Greenberg, 1982); therefore, it is helpful to categorize its multiple aspects and uses in 
order to understand its purpose.  Apparel has characteristics that help determine its 
functions.  These characteristics can be classified under “two dimensions: (a) physical 
features, or what the garment is and (b) performance features, or what the garment does” 
(Brown, 1992, p. 2).  A garment’s physical features incorporate the design, materials, and 
construction; performance features are composed of garment aesthetics and functional 
performance (Yu, Lee, & Damhorst, 2012).  Brown (1992) theorized that a garment’s 
physical features determine its performance features.  
Performance features.  Performance features of a garment affect aesthetic 
performance as well as functional performance (Brown, 1992, p. 2), and are vital 
determinants of a product’s success.  Examples of aesthetic features include color, fabric, 
pattern, fit, style, and coordination with other garments (Eckman, Damhorst, & Kadolph, 
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1990).  These are extremely important to the consumer, for they indicate how the 
consumer feels about the product—both physically and emotionally.   
Due to market globalization, there are many options available to improve the 
functional performance of textile products (Kadolph, 2010, p. 12).  These span across a 
range of categories, for the concept of performance is very broad.  Recent advancements 
in technology are making an impact on the textile industry.  According to Farren and 
Hutchison (2004), the term “new technologies” can be applied to the textile industry in 
describing new fabric manufacturing techniques that will improve properties such as 
strength, handle, drape, wearability, and laundering.  They state that although clothes are 
visible, their invisible attributes are often obscured; meaning, consumers may not be fully 
aware of the performance properties that have been incorporated into the fabric of their 
clothes.   Due to advancements in manufacturing technology and fabric science, today’s 
performance textiles provide benefits to the wearer.  These include protection from 
elements such as the sun, wind, rain, and odor-causing bacteria, superior moisture 
management and wicking capabilities, wrinkle, stain and shrinkage resistance, and 
advanced overall comfort.  Much of today’s performance clothing includes a combination 
of technologies, which is referred to as ‘bundling functionality’ (Doty, 2007).  For 
example, a performance shirt may claim to wick moisture from the body while providing 
UV protection to the wearer.  These advancements come as the result of increasing 
consumer demands.  There has been an increase in technology across other industries, 
and customers expect their clothes to follow suit.  Gone are the days when apparel was 
simply a way to retain modesty; today’s consumer expects their clothing to be 
comfortable, of good quality, easy to care for, and to contain beneficial functions.  
The notion of technical textiles has generated a great deal of interest over recent 
decades.  According to the Textile Institute’s Textile terms and definitions (McIntyre & 
Daniels, 1995, p. 340), the definition of technical textiles is “technical materials and 
products manufactured primarily for their technical performance and functional 
properties rather than their aesthetic or decorative characteristics” (Cited in Doty, 2007).  
This concept began in 1929 with the patent of a wrinkle resistant formula.  Tootal 
Broadhurst Lee, Ltd., created a urea-formaldehyde resin finish that could be applied to 
cotton and rayon in order to prevent the formation of wrinkles (Collier, Bide, & Tortora, 
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2009, p. 452).  The idea of fabric innovation continued throughout the century and in 
1969 the first breathable, waterproof and windproof textile, also known as GORE-TEX® 
was created ("GORE-TEX," 2016).  This was a thin membrane, bonded to the outside of 
fabric, with nine billion pores per square inch (Mabel, 2004).  The pores were too small 
for water droplets to pass through, but allowed water vapor to pass; hence, the garment 
was waterproof, yet breathable.  These technologies were previously reserved for 
outdoor, protective apparel and athletic clothing.  However, high tech fabrics and high-
performance apparel are making their way into everyday fashion and home furnishings 
(Newell, 2006).  As a result, designers are making it a priority to incorporate technical 
attributes into clothing that can double as everyday wear and high performance wear 
(Marin, 1999).  “Everyone from sporting goods giants like Nike, Reebok, and Under 
Armour as well as the runway designers and mass merchants are adding fitness apparel” 
(Salfino, 2015).  Due to the rise of performance apparel, traditional clothing can no 
longer compete in the apparel market; it must be multidimensional.  As technology 
becomes more advanced, consumers demand more function and features in their 
everyday clothing (Spirito, 2016).  The majority of athleticwear claims to have attributes 
that benefit the consumer through added value and functionality (Doty, 2007).  These 
attributes include breathability, thermal insulation, moisture management, soil repellency, 
wrinkle resistance, and odor neutralization (Farren & Hutchison, 2004).  They may also 
offer protection from natural elements such as the sun, rain, or wind (Azoulay, 2005; 
Doty, 2007).  These attributes are what separate performance apparel from mere, 
everyday clothing.   
Aesthetic features. 
 Some performance functions are created in order to enhance or preserve the 
aesthetic features of a garment.  For the purpose of this study, the term aesthetic features 
refers to shrinkage resistance, wrinkle resistance, colorfastness and pilling resistance. 
Shrinkage resistance.  The ability of a fabric to revert to its original size and 
shape after laundering and wear is called dimensional stability ("Fairchild's Dictionary of 
Textiles," 2003).  This is an important concept, because consumers are likely to become 
unsatisfied if their clothes shrink significantly after one wash.  Usually one percent of 
shrinkage is normal, and has virtually no effect on the size or fit of the garment.  The 
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majority of garments are sold with the expectation that they will shrink two to three 
percent, which will be noticeable, but is generally acceptable to the consumer (Cohen & 
Johnson, 2010, p. 292).   
There are many variables that lead to fabric shrinkage.  Heat, water and agitation 
can cause shrinkage in the laundering cycle.  This typically occurs the first time a 
garment is laundered or dry-cleaned, and is known as relaxation shrinkage.  During the 
production phase, the yarns and fibers of a garment are typically under a considerable 
amount of tension.  When they are exposed to heat and moisture, they relax, which causes 
the garment to shrink (Cohen & Johnson, 2010, pp. 195, 293; Humphries, 2004, p. 204).  
Other variables affecting shrinkage include fabric type, decorations, linings, thread and 
seam design.  If one of these doesn’t correlate with the others, puckering and distortion 
can occur, which will leave the consumer with an ill-fitting garment.  Yarn type and 
construction also determine shrinkage.  Fabrics that have a low yarn twist and a low yarn 
count are likely to shrink more than fabrics with a high yarn twist and a high yarn count 
(Cohen & Johnson, 2010, pp. 195, 293) 
In order to prevent this shrinkage, some fabrics are given a progressive 
preshrinking.  This permanent treatment involves determining the fabric’s possible 
shrinkage before compressing and drying it so that it remains at that size.  This process 
guarantees a residual shrinkage rate of less than one percent.  Shrinkage can also be 
avoided in cotton or rayon fabrics by using a resin finish; however, this is usually just a 
durable finish.  Nylon, polyester and triacetate fabrics can be heat set in order to maintain 
dimensional stability (Humphries, 2004, pp. 203, 204).   
Wrinkle resistance.  Garments with durable press or wrinkle free claims are able 
to resist wrinkles, creases or folding of the fabric as a result of the wash cycle (Spirito, 
2016).  They are typically treated with a resin finish and heat set in order to retain a 
smooth appearance upon removal from the dryer.  In fabrics that contain a blend of cotton 
and polyester, the resin finish holds the cotton, while the heat that cures the resin holds 
the polyester; thus preventing the formation of wrinkles in the fabric (Humphries, 2004, 
p. 203).  Traditionally, formaldehyde was used in the chemistry of Durable Press.  
Alternatives have since been developed due to the unpleasant odor, reduction in fabric 
strength and safety concerns that come with using the chemical; however, additional 
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research and development is required before 100% formaldehyde-free finishes become 
popular across the global market (Collier et al., 2009, p. 453). 
Colorfastness.  “The degree to which a dye holds fast to the fiber or fabric” is 
referred to as colorfastness (Humphries, 2004, p. 248).  This means that it resists fading 
or bleeding as a result of laundering, drycleaning, bleach, sunlight, perspiration, and other 
elements associated with use.  A high colorfastness means that a fabric is less likely to 
fade in these conditions, while a low colorfastness means that there is a greater degree of 
color change.  This depends on the particular class of dye, the dyeing method and the 
fiber in use (Cohen & Johnson, 2010, p. 164).   
Pilling resistance.  Pilling occurs when a fabric rubs against itself or another 
material, causing fibers to break and entangle themselves with fibers still held in by the 
yarn.  This causes a small ball of tangled fibers to form on the fabric surface and can only 
be removed by breaking the fibers that hold it ("Fairchild's Dictionary of Textiles," 
2003).  This defect affects the appearance of a fabric, making it appear cheap, unsightly 
and less comfortable (Cohen & Johnson, 2010, p. 27).  In garments, this generally occurs 
in areas where there is more abrasion, such as the under arms and collar of shirts and the 
knee and crotch areas of pants.  Pilling is more likely to occur in yarns with low twist 
staple fibers than those with high twist filament yarns (Cohen & Johnson, 2010, p. 324).  
This is due to the fact that filament yarns only pill when the filaments break from 
repeated use and wear, whereas staple fibers are more likely to come unattached due to 
their construction (Cohen & Johnson, 2010, p. 70).  Pilling is more of an issue for fabrics 
with strong fibers, because they hold onto the pills easier than weaker fibers which 
release them, allowing them to fall off of the fabric (Collier et al., 2009, p. 55).  
Sivakumar and Pillay discovered that this is especially prevalent in cotton/polyester 
blended fabrics, in which the high strength of the polyester traps the broken cotton fibers, 
preventing them from detaching from the fabric (1981).   Solutia developed a low-pill 
acrylic fiber called Pil-Trol®, which claims to resist pilling, keep clothes looking good 
longer and provide easy care.  Trevira GmbH created a group of low-pill polyester fibers 
called Trevia® 350, with a molecular structure that allows developing pills to break off 
from the rest of the fabric (Humphries, 2004, p. 82).  
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Functional features. 
 In this study, functional features refer to technologies added to a garment that 
enhance or preserve the performance features of a garment.  For the purpose of this study, 
the term functional features refers to wicking, water and wind repellency, absorbency, 
breathability and moisture management. 
Protection.  One of apparel’s most basic functions is to provide protection.  
Without clothing, people would be left physically and emotionally vulnerable, exposed to 
many elements that may bring harm to their bodies.  At minimum, people need clothing 
to protect their most outer layer, the skin.  Today’s clothing manufacturers are making an 
effort to ensure that their apparel provides protection against impact and abrasion (Cohen 
& Johnson, 2010, p. 164).  This is especially true in athletic clothing, since athletic 
apparel may cling to, or lay against the wearer’s skin.  According to Bishop et al. (Bishop 
et al., 2013), some sport regulating associations mandate that athletes wear specific 
clothing with features that ensure protection while participating in sports.  Clothing is 
also meant to protect the wearer from the elements, including the sun, wind and rain.  
Research shows that there is a correlation between ultraviolet radiation, sunburn 
and skin cancer (2013).  According to the American Cancer Society, over one million 
skin cancer cases are diagnosed each year in the United States (Cohen & Johnson, 2010); 
therefore, protection from the sun’s ultraviolet rays is essential.  Fibers in the majority of 
fabrics have the ability to absorb, reflect or disperse radiant energy, which prevents it 
from reaching the skin (Sarkar, 2005, p. 355).  Fabrics have been so effective at blocking 
sun, that the FDA classifies garments that claim “sun protection,” as Class I medical 
devices (Sarkar, 2005, p. 363) 
Sun-protective fabrics are classified based on their Ultraviolet Protection Factor 
(UPF).  This term denotes the level of UV protection that a textile can provide based on 
instrumental measurements (Cobbs, 2000, p. 15).  For instance, if a garment has a UPF 
factor of 25, then it will only allow one twenty fifth of ultraviolet radiation to penetrate 
its fabric (Sarkar, 2005, p. 356).  Fabrics with higher UPF factors protect the skin better 
than those with lower UPF factors, much like sunscreen and SPF.  The UPF potential of a 
textile is affected by many factors: fiber and yarn type, fabric construction, including 
cover, porosity, thickness, elasticity, weight, luster and color, moisture content, and 
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finishing and dyeing history (Sarkar, 2005, p. 357).  Thicker, heavier fabrics with tight 
weaves are good candidates for sun protective clothing because they provide less space 
for light to penetrate (Humphries, 2004, p. 276; Sarkar, 2005, p. 363).  If the fabric 
structure is tight enough, it can be coated in a UV blocking finish in order to either absorb 
or scatter sunlight (Sarkar, 2004).  Finishes with organic UV blockers are formulated to 
absorb UV rays, while those containing inorganic UV blockers scatter them (Dimitrovski, 
Sluga, & Urbas, 2010).  Inorganic blockers are generally preferred because they are 
nontoxic and more chemically stable than organic blockers.  For even better sun 
protection, synthetic fibers can be engineered with sun protective properties via fiber 
impregnation.  This promises for more durability against UV radiation, which can 
degrade fabrics, much like skin (AbdElhady, 2012). 
Moisture management. Since the invention of GORE-TEX® in the late 1960s, 
waterproofing fabrics has been a priority for apparel manufacturers across the globe.  
Many methods have been successful, such as coating or laminating the fabric with PVC, 
silicones, acrylics, polyurethanes or fluorocarbons (AbdElhady, 2012; Cohen & Johnson, 
2010).  Each of these methods ensure that the fabric is completely moisture proof, 
meaning that it is impenetrable by liquids (Sudhakar & Sampath, 2006).  However, that 
means that sweat as water vapor is unable to escape through the skin-side of the fabric.  
This can lead to a buildup of condensation and make the wearer very uncomfortable 
(Cohen & Johnson, 2010, p. 199; Spirito, 2016).  This has led to the innovation of 
breathable fabrics, which protect the skin from water and wind, yet allow moisture to 
pass through fabric for evaporation.  This is a vital concept, for it keeps the wearer 
protected, yet comfortable.  Breathability can be achieved mechanically or molecularly.  
In the mechanical method, the fabric is constructed with hundreds of micropores that 
allow moisture to pass through.  In the molecular method, groups of hydrophilic 
hydrogen polymers are used to transport water molecules through the fabric (Sudhakar & 
Sampath, 2006). 
Breathable fabrics can be water resistant.  This means that they are not completely 
waterproof, but do resist wetting and penetration by water (Doty, 2007; Walde-
Armstrong, Branson, & Fair, 1996).  They have been treated with a water repellent, 
which is a chemical finish that resists the penetration of liquid, while allowing water 
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vapor or air to pass through.  In this case, the yarns, as opposed to the entire fabric are 
coated in the finish; therefore, there is room between the fibers for moisture transfer. 
These fabrics do not absorb liquid, but allow droplets to form and remain on the surface 
(Spirito, 2016).  
Moisture management is defined as “The controlled movement of water vapor 
and liquid water (perspiration) from the surface of the skin to the atmosphere through a 
fabric” (Cohen & Johnson, 2010, p. 198).  This occurs when fabric absorbs gaseous or 
liquid moisture from the body and passes it through small openings between fibers and 
yarns, where it then evaporates (M. Wallace, 2002).  This function has become 
increasingly popular since the introduction of performance apparel, for almost 90% of 
products have moisture management properties (Gettliffe, 2016).  Moisture management 
is an important issue, because if clothing becomes damp or wet, it usually disrupts the 
wearer’s body temperature, and therefore diminishes in comfort (Doty, 2007; Ozer, 
Salenda, Stockton, & Ware, 2007).  In order to maintain a comfortable micro-climate, 
clothing must enable moisture to wick through the fabric structure and evaporate from the 
outside of the fabric (Berglund & Gonzalez, 1977; Bishop et al., 2013). 
With the addition of nanotechnology, moisture management properties can easily 
be incorporated into apparel.  According to the American Society for Testing and 
Materials (ASTM), nanotechnology is the “term referring to a wide range of technologies 
that measure, manipulate, or incorporate materials and/or features with at least one 
dimension between approximately 1 and 100 nanometers (mm)” (ASTM, 2012).  
Nanotechnology aids in the formation of microscopic fibers that are too small for liquids 
to attach or cling to, so they repel them in the form of shedding or beading (M. Wallace, 
2002).  This is an example of wicking or capillary force, which is the ability of a fiber to 
transfer moisture from one section to another (Farren & Hutchison, 2004). Usually this 
occurs when a liquid travels across a fabric’s surface, but can also occur when moisture 
passes through a fabric.  This function has become essential for sweat removal by moving 
sweat away from the body and allowing the cooling process to begin (Cohen & Johnson, 
2010, p. 28).  Wicking is most effective in fabrics with very small fibers.  According to 
Gettliffe, the wicking rate increases as the gaps between fibers become thinner; hence, 
the smaller the fibers, the faster the fabric will be able to transfer humidity from the body 
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to the outer surface (Gettliffe, 2016; Newell, 2006).  This effect can also be achieved by 
coating the surface of the garment in a nanofinish, a durable finish consisting of one or 
more layers of microscopic particles (2016).  Usually, this comes in the form of 
fluorocarbon resins that have been altered on a molecular level.  Their carbon-hydrogen 
links have been replaced by carbon-fluorine links in order to provide water repellency 
properties ("Water repellency in technical fabrics and maintenance problems," 2016).  
Since this finish is on the molecular level, it does not alter the hand or drape of the fabric.  
Several nanofinishes can be applied to the same fabric, yielding multiple performance 
benefits. 
The amount of time that it takes for a liquid to evaporate from the fabric’s surface 
is dependent not upon fiber type, but on the thickness and surface area of the fabric.  A 
thinner fabric with more fibers at the surface will evaporate water much quicker than a 
thicker fabric, because a thicker fabric absorbs more liquid (Cohen & Johnson, 2010).  
This means that a cotton fabric will dry at the same rate as a polyester fabric with fibers 
of the same finesse.  
Natural fibers, such as cotton, can be engineered with technologies that provide 
the fabric with moisture management properties.  These technologies can be applied in 
the form of fluoropolymers, silicones, waxes, coating, laminations or resins, which 
reduce the amount of water that a fiber can hold (Gettliffe, 2016; M. Wallace, 2002).  
Some of these chemistries are able to maintain their functionality through multiple home 
launderings, while others begin to lose effectiveness after one wash.  In order to be useful 
in the performance apparel market, these applications must be able to withstand multiple 
launderings while retaining their functionality.   
Fabrics can also be improved through their yarn construction through the 
formation of strategic weaves that aid in moisture management.  Researchers used a plant 
branching structure in their design of four different fabrics, which were constructed using 
different combinations of transferring yarns from the inner layer to the outer.  When 
compared to fabrics with traditional weaves, the fabrics that mimicked the plant 
branching structures had faster wicking and absorption rates and lower levels of air 
resistance (M. Wallace, 2002).    
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It has been proven that a blend containing both hydrophobic (water-loving) and 
hydrophilic (water-resisting) fibers has better moisture management properties than 
fabric containing only one of the two fiber types (Chen, Fan, & Sarkar, 2012).  This 
effect can also be achieved through a fabric constructed from layered hydrophobic and 
hydrophilic yarns.  
In response to the rising demand for athletic apparel, manufacturers have begun 
advertising athletic clothing composed of “novel fabrics” with “superior sweat removal 
properties” (Chen et al., 2012).  Two companies that pioneered this concept are DuPont 
and Nike with the invention of CoolMax® and Dri-FIT, respectively.  Both of these 
fabrics are known for their exceptional breathability, low absorption and wicking 
properties (Bishop et al., 2013).  
Cotton Incorporated has been a leader in the development of performance cotton.  
Their STORM COTTON™ technology is a finish that provides water resistance to cotton 
fabrics (Newell, 2006), while their TransDRY® and WICKING WINDOWS™ moisture 
management technologies wick and spreads moisture to cut drying times in half ("Cotton 
and the great outdoors: new tech & construction," 2016).  The WICKING WINDOWS™ 
application is applied through a print application on skin side of the cotton fabric, which 
allows moisture to be transferred to the outside where it can evaporate (Salfino, 2015; 
"Updating favorites: the modern elements in vintage-looking activewear," 2016).  This 
technology works by creating “wicking windows”, which are areas with untreated fabric 
confined within or contiguous to areas that have water-repellent treatment. The untreated 
cotton absorbs moisture from the body and the water-repellent treated cotton wicks the 
moisture, allowing it to move through the fabric and evaporate (Salfino, 2014a).  Cotton 
Incorporated has also recently developed Nanotex® DRY INSIDE technology, which 
pulls moisture from the skin, eliminating chafing and dampness, while maintaining the 
comfort qualities of traditional cotton.  Testing at the Cotton Incorporated laboratories 
showed that Nanotex® DRY INSIDE outperformed fabrics made from 100% polyester 
and untreated cotton in one-way moisture transport and cling (M. Wallace, 2002) 
The durability of these functional finishes varies on a scale of effectiveness.  The 
most effective, known as permanent finishes, do not change or decrease in efficacy 
throughout the life of the garment.  Durable finishes usually last over the course of the 
 
 15
 
garment’s lifecycle; however, their effectiveness is reduced with repeated laundering.  
Semidurable finishes last through several laundry cycles, and temporary finishes are 
removed or significantly weakened after the first time a garment is laundered ("Can 
cotton compete with performance fabrics?," 2016).  In the majority of cases, fluorocarbon 
resin water repellent finishes are not permanent, and do wash out with repeated 
laundering.  Friction that occurs in the wash cycle gradually disrupts the fluorocarbon 
chains, affecting their parallel position.  Consequently, the effectiveness of the water 
repellent finish decreases ("Water repellency in technical fabrics and maintenance 
problems," 2016). 
Comfort.  In addition to protection and moisture management, another 
fundamental characteristic that remains essential to activewear is comfort.  This is a 
highly complex feature that develops through the integration of visual, tactile, and 
thermal sensations, body-clothing interaction, psychological status, and adjacent 
environments (Cohen & Johnson, 2010, p. 186).  It is vital to the success of a clothing 
product—especially in modern-day society, where there is the ability to engineer and 
modify materials in order to make them feel more desirable to the consumer.  According 
to a Sports Apparel survey conducted by Cotton Incorporated, 77% of consumers believe 
that comfort is very important in their decision to purchase athletic apparel ("Winning in 
the U.S. activewear market," 2014).  The concept of comfort is ambiguous, for it differs 
depending on a variety of factors, yet, it is ultimately determined by the wearer (Bishop 
et al., 2013; Li, 2001).  Since the notion is subjective, comfort can be difficult to 
measure; however, clothing designers and fabric engineers consider it to be a valued 
aspect that contributes to overall clothing performance and ultimately, the wearer’s 
satisfaction (Barker, 2002; Bishop et al., 2013).  There are several types of comfort 
relating to apparel.  Thermophysiological comfort involves thermodynamics, heat, and 
transfer of moisture from the body through the clothing (Hatch, 1993; Kamalha, Zeng, 
Mwasiagi, & Kyatuheire, 2013).  Sensorial comfort relates to the way that a fabric feels 
against the skin (i.e. stiff, rough, clammy, etc.). Ergonomic comfort involves the fit of the 
fabric, whether or not it sticks to the skin or drapes easily (Sudhakar & Sampath, 2006).  
Comfort can be achieved through technical garments, which have applied technologies 
that guarantee comfort in conditions that include high altitude weather, low temperatures 
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and sports activities ("Water repellency in technical fabrics and maintenance problems," 
2016). 
Thermal comfort.  When it comes to performance apparel, thermal comfort is one 
of the most sought after features.  The reasoning for this is explained by Bishop, et al. 
(2013), who states that “comfort has little to do with the macro-environment and much 
more to do with the micro-environment, the only environment with which the body has 
contact.”  Kaplan and Okur (2012) add further support by describing clothing as a 
thermo-regulating barrier between the body and the outside environments.  This is an 
example of thermophysical comfort, which involves the balance of heat and moisture 
transfer between an individual’s body and their clothing.  This heat balance changes 
based on climatic factors such as the temperature and wind velocity, as well as the 
individual’s current level of activity, which can all cause a change in warmth and 
moisture production of the body (Kaplan & Okur, 2012).  As a result, clothing is being 
engineered in order to keep the wearer dry and comfortable depending on environmental 
conditions ("Water repellency in technical fabrics and maintenance problems," 2016). 
While thermal performance is important for the wearer’s comfort, it is also 
essential for their protection.  In the United States, heat stroke is the third leading cause 
of death among athletes (Sudhakar & Sampath, 2006).  Therefore, clothing designers and 
manufacturers work to integrate modern, thermo-regulating technology into athletic 
apparel.  Recent studies have shown that strategic clothing cuts and the combination of 
different fabrics at critical points can generate better ventilation, performance and 
comfort.  McLellan, Boscarino, and Duncan (Bishop et al., 2013; Huffman, Yard, Fields, 
Collins, & Comstock, 2008), who placed clothing vents at the torso, arm, and legs in 
combat uniforms, tested this idea and found that this method promoted heat transfer and 
reduced physiological strain (2013).  Research and development efforts are also focusing 
on keeping the wearer warm in especially cold conditions.  In 2016, a high performance 
clothing manufacturer, ThermalTech, introduced their patented solar powered fabric.  
This revolutionary fabric, made from stainless steel mesh yarns, has the ability to harness 
energy from the sun or an artificial light source and use it to keep the body warm even 
after the sun has set (Bishop et al., 2013).  The fabric can generate up to 18 degrees after 
just two minutes of light exposure.  
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 Antimicrobial.  Although synthetic fabrics successfully wick away sweat, they 
tend to retain odor ("ThermalTech unveils solar-powered smart fabric," 2016).  Due to 
the prevalence of unpleasant odor that may arise when wearing or caring for athletic 
apparel, many consumers have begun seeking out clothing with performance properties 
that mask or eliminate odor.  According to a survey conducted by Cotton Incorporated, 
69% of shoppers are likely to seek out odor resistant performance features in active wear 
("Winning in the U.S. activewear market," 2014).  In the majority of cases, odor is caused 
by the presence of microbes, microscopic organisms that include bacteria, fungi, algae 
and viruses (Hobson, 2006).  They can easily appear on all clothing types, and may cause 
odor or deterioration of the fabric.  In order to combat this problem, activewear is being 
infused with antimicrobial properties (Doty, 2007).   
Antimicrobials are a variety of substances that have a negative effect on 
microorganisms; they can prevent growth and transfer of the microbes or eliminate them 
altogether (Michel, 2015).  Odor control is the most common goal of antimicrobial 
technology in the case of activewear (Doty, 2007; Ramachandran, Rajendrakumar, & 
Rajendran, 2004).  In most cases, anti-odor technology is applied through chemical 
treatments or through the infusion of silver particles, which help fight odor-producing 
bacteria.  Aegis® Technology developed Microbe Shield, which forms a colorless, 
odorless polymer that chemically attaches to the treated side of the fabric in order to 
prevent the growth of bacteria.  Other notable companies on the forefront of antimicrobial 
technology include Unifi, Milliken, and Noble Fiber Technologies, who have all created 
silver ion-based treatments (Doty, 2007; Hobson, 2006).  This technology has become 
increasingly popular among consumers who desire clothing with odor masking qualities.    
Compression.  Historically, compression garments originated in the medical field 
for a variety of therapeutic purposes; yet, they are still being used today.  Compressive 
garments are usually constructed from comfort stretch fabric, which contains at least 1% 
spandex (Mabel, 2004).  These tight-fitting garments are applied to certain areas of the 
body in order to reduce muscle swelling and stiffness, and increase blood flow (Spirito, 
2016).  Research shows that compressive garments benefit the body’s performance and 
recovery through muscle stabilization, which directs blood flow to the functioning 
muscles (Heid, 2012; Kirkpatrick, 2015; Song, Beard, & Ustinova, 2015).  Word of these 
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benefits trickled down to the athletic industry, so researchers began exploring the idea of 
applying compressive technology to performance apparel.  Recent studies examining the 
effect of compressive performance apparel on muscle soreness and recovery post-
exercise have returned positive results in favor of the garments (Bishop et al., 2013; Doan 
et al., 2003; Ghandi, Palmar, Lewis, & Schraibman, 1984; L. Wallace, Slattery, & Coutts, 
2008).   
Apparel manufacturers of compression wear claim that the garments increase 
overall physical performance through reduced muscle fatigue, reduced soreness, 
increased power, and quicker recovery (Duffield & Portus, 2007; Gill, Beaven, & Cook, 
2006; Song et al., 2015).  Under Armour has led the performance apparel industry in their 
innovation of products with compressive properties.  According to Newell (Song et al., 
2015; L. Wallace et al., 2008), Under Armour’s products protect the muscles during 
exercise or a game, by reducing muscle pulls and strains, and enhancing proprioception.  
For this reason, consumers, specifically athletes, search for apparel infused with 
compression technology.   
Athleisure 
 In previous decades, performance apparel was reserved for professional athletes 
or those working in extreme environmental conditions.  Over the past twenty years, the 
market for performance apparel has skyrocketed.  Due to a gradual culture shift, 
performance apparel has become acceptable for everyday wear, and in some cases, even 
office attire (Belgum, 2015; Tabuchi, 2016).  Casual clothing that combines athletic and 
leisurewear has been coined athleisure by leaders in the apparel industry, and is on its 
way into the next edition of the Merriam-Webster dictionary (Tabuchi, 2016; Townsend 
& Rupp, 2014).  The origins of this concept are explained by Vanessa Friedman, a writer 
for the New York Times, “leggings are ground zero for the term ‘athleisure,’ which grew 
out of the propensity for women (primarily but not only) to wear their stretchy, tights-like 
workout garments far beyond the confines of the gym” (2006).  Trend analysts suggest 
that this is a direct result of health and wellness fads that have become popular in other 
industries.  Clare Varga, director of active at British trend forecasting firm, WGSN, 
believes that this trend mirrors the healthy way of life that many people have adopted; 
therefore, she calls it “a culture trend, not a fashion trend” (Belgum, 2015).  Young 
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professionals who once hit the bar for happy hours after work are now choosing to 
mingle at trendy group fitness classes like vinyasa yoga, Soul Cycle and Pure Barre 
(Tabuchi, 2016).  Athleisure is apparel that can take them from the desk to the gym. 
Successful yoga apparel brand, Lululemon, pioneered this look in 1998, by 
creating clothes that flatter women’s natural curves.  Their figure-hugging garments, 
made out of the company’s patented, stretchy fabric, Luon, are worn by everyone from 
soccer moms to working professionals (Friedman, 2015).  Lululemon has successfully 
remained a top competitor for athleisure and performance apparel, achieving sales of $1.8 
billion in 2015 (Belgum, 2015).   
While the majority of trends start at the runway and trickle-down to the masses, 
athleisure took the opposite route.  Once women began replacing everyday slacks or jeans 
with stretchy and figure-flattering yoga pants, designers took notice.  Many high fashion 
designers have introduced their own athleisure lines.  While successful collections like 
Tory Burch’s Tory Sport, Cynthia Rowley’s Cynthia Rowley Fitness and Stella 
McCartney’s Adidas by Stella McCartney have been around for awhile, other designers 
have followed suit (Bogomolny, 2006).  More recently top retailers like Louis Vuitton, 
Victoria’s Secret, Givenchy, Versace, Kate Spade, Gap, H&M, Dillard’s and Kohl’s have 
entered the athleisure market (Tabuchi, 2016).   
Americans who yearned for figure-flattering, yet comfortable garments equipped 
with performance properties, have welcomed this revolution with open arms.  Although 
this trend has appealed to many consumers with active lifestyles, non-active consumers 
have also reaped the benefits.  A survey conducted by Cotton Incorporated indicated that 
non-active consumers invest an average of $33 on active wear per month, while active 
consumers spend an average $37 on active wear per month (Friedman, 2015).  This 
proves that the athleisure trend appeals to the general population, and is not restricted to 
only those individuals that partake in regular exercise.  Another survey reported that 86% 
of women wear activewear around the house, 69% wear it to run errands, 46% wear it 
shopping, 14% wear it out to eat or to a movie, and 14% wear it to school or class 
(Salfino, 2014b).  Consumers are choosing activewear over traditional, structured 
garments for their everyday attire because it is more comfortable (73%), “fits whether 
you lose or gain weight, and is contoured and slimming” (Salfino, 2014a).   
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Expansion of athleisure. 
In recent years, stores have increased the percentage of their floor space offering 
athletic-inspired clothing from 11% to 50% (Aylward & Welch, 2016).  Retailers 
everywhere are seeing increased demand for athleisure and performance apparel.  In 
response, many of them are broadening their collections to feature more apparel that can 
be worn not only during exercise, but also throughout the day.  Trevor Edwards, 
president of Nike, confirmed the company’s plans to accommodate these customers in a 
statement to Nike investors, “more and more women are blending running, fitness, and 
sports style in their lives, and this shift is fundamental to how this business operates” 
(Tabuchi, 2016).  This suggests that the company, who typically prioritizes technical 
aspects before aesthetics, plans to add more fashionable, lifestyle pieces to their line.  
Apparel Labeling 
 According to Davis, “Clothing product information is often communicated to the 
consumer by means of labels on the product package, hangtags, and/or labels sewn in the 
clothing” (Davis, 1987).  Since the Federal Trade Commission (FTC) introduced the Care 
Labeling of Textile Wearing Apparel and Certain Piece Goods rule in 1983, apparel 
labeling has been a mandatory task for all clothing manufacturers (1987).  At minimum, 
the legally required information includes the fiber content, the manufacturer’s name or 
registered number, the country of origin and specific care instructions (Yan, Yurchisin, & 
Watchravesringkan, 2008).  Labels with required information must be securely attached 
to the product until it is delivered to the customer, but they don’t need to be permanently 
attached ("Threading your way through the labeling requirements under the textile and 
wool acts," 2014).  Many apparel labels include additional information in order to 
educate the consumer about the product, such as: brand name, garment construction, 
sustainability information, labor standards, and performance properties (FTC, 2001b).   
Hang tags.  One form of informative apparel labeling is done through the use of 
hang tags.  These are temporarily attached to the garment, and provide a variety of 
information such as brand, price and performance attributes.  Conventionally, apparel 
companies have used hang tags as a promotional tool by including the brand’s mission, 
values or story, in attempts to guide consumers in their merchandise selections (2008).   
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Although hang tags play an important role in consumers’ everyday shopping 
experiences, there is limited research that supports their impact on purchase decisions 
(Baker, 2002; Hyllegard et al., 2012).  According to a study conducted by Iwanow, 
McEachern, and Jeffrey (Hyllegard et al., 2012), 11% of British consumers frequently 
looked at the label of branded apparel prior to purchase, 50% looked infrequently, and 
39% never looked at them.  The results of this study prompted researchers to further 
investigate the usefulness of hang tags on purchasing decisions.  Hyllegard et al. (2005), 
conducted a similar study, and discovered that 23% of participants read hang tags very 
frequently when shopping for clothing, 38% read them frequently, 31% read them 
infrequently, and 8% never read them.  This shows a 49% increase in consumers who 
read hang tags frequently or very frequently, when compared to the study done in 2005.   
Hyllegard et al. (2012) found that participants most often sought information 
regarding brand name, care instructions and fiber content when reading hang tags.  They 
also concluded that females were more likely than males to read hang tag information and 
use it to guide their purchase decisions.  Additionally, the format of information is 
important.  Similarly to care labels, hang tags can present information explicitly or 
implicitly, depending on the level of meticulousness desired by the brand.  Research 
suggests that this may impact consumer opinions towards the brand and affect their 
purchase intentions (2012).  When there is mutual understanding between the brand and 
the consumer, implicit information, such a symbol in place of the brand name, may be 
appropriate; however, when shared understanding is limited, explicitly stated information 
may be better, since it is less likely to be misinterpreted (Ahearne, Gruen, & Saxton, 
2000; Hyllegard et al., 2012).  According to the Wool Products Labeling Act, “products [ 
. . . ] shall not bear, nor have used in connection therewith, any stamp, tag, label, mark or 
representation which is false, misleading or deceptive in any respect” ("Wool Products 
Labeling Act," 1939).  Moreover, the presentation of hang tag information can influence 
the success of a product or its brand.  
Performance Claims 
 “Performance claims are the vehicle by which a manufacturer communicates the 
analytic capabilities of its methods to laboratory users and to regulatory agencies” 
(Powers, 1992) and in the case of apparel, to consumers.  In the promotion of 
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performance apparel, it behooves the manufacturer to include performance claims on a 
hang tag.  This ensures that the consumer is cognizant of the products performance 
qualities that they might otherwise be unaware of.  Examples of performance claims 
include, wrinkle resistant, quick dry, breathable, UPF 25, water and wind resistant, etc.  
Most manufacturers of athletic clothing include a separate hang tag with a list of 
performance qualities and their meanings.  With a 42% increase in sports apparel and 
footwear sales over the past seven years, consumers have become more aware of 
performance benefits that are available for their clothing (Feng & Burleson, 2009; 
Hyllegard et al., 2012).  Cotton Incorporated reports that consumers have become more 
interested in these performance features ("Updating favorites: the modern elements in 
vintage-looking activewear," 2016), so their explicit advertisement is important.  Since 
performance claims vary from garment to garment, it is unlikely that a seller would 
choose to use signage to promote these claims; rather, most opt to use hang tags that can 
be personalized for each garment.   
Verification of performance claims.  In all industries, it is important to 
supplement performance claims in advertising and promotions with third-party 
certification or validation ("Marketing claims," 2010).  It is the apparel manufacturer’s 
responsibility to ensure that extensive testing is conducted in order to verify claims 
before their product goes on the market.  The Federal Trade Commission (FTC) mandates 
that advertisers must have evidence to back up their claims ("Federal Trade Commission 
Act," 1914).  Before releasing a product to the public, manufacturers should conduct 
standardized tests that measure clothing performance against simulated real-world 
conditions.  The results of these tests must be evaluated by qualified experts who can 
confirm that the products will perform in accordance with the claims made on their behalf 
(FTC, 2001a).  Bill Levi, vice president of strategy and business development at Nutrition 
21, states that “the validity of marketing claims that are backed by clinical substantiation 
is the cornerstone for establishing consumer confidence and brand loyalty” (2015).  The 
presence of scientific evidence eliminates any skepticism that consumers may have about 
the effectiveness of a product; therefore, they are likely to remain confident in their 
purchasing decision.  
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It is also the manufacturer’s responsibility to present performance claims in a 
meaningful, achievable and verifiable way so that they will hold up against agencies like 
the FTC and the Federal Drug Administration (FDA) (Levi, 2015; Powers, 1992).  The 
act of labeling a product with bogus performance qualities is considered false advertising 
(Salfino, 2015).  Also falling under the category of false advertising are claims that are 
ambiguous, difficult to understand and lack scientific evidence. Companies who engage 
in deceptive or false advertising are subject to consequences by governing bodies such as 
the FTC, who considers an ad to be deceptive if “it contains a statement or omits 
information that is likely to mislead consumers acting reasonably under the 
circumstances; and is material, that is, important to a consumer’s decision to buy or use 
the product” (i.e. representations of a product’s performance, features, safety, price, or 
effectiveness) (FTC, 2001a).  These consequences can come in the form of cease and 
desist orders, civil, monetary penalties, consumer refunds, corrective advertising, 
disclosures and other informal remedies (FTC, 2001a). 
In order to determine whether an advertisement is deceptive, the FTC evaluates 
both ‘express’ and ‘implied’ claims.  Express claims are those claims that are explicitly 
stated in the advertisement, while implied claims are claims that consumers assume based 
on information presented in the advertisement.  Legally, advertisers must be able to prove 
express, as well as implied claims, before the advertisement is released to the public 
(FTC, 2001a).  
Truth in Advertising, Inc. (TINA.org) is a 501(c)(3) nonprofit organization whose 
works to eliminate deceptive marketing and promote honest advertising ("TINA.org," 
2016).  In recent years, they have exposed false or misleading product claims made by 
major companies.  In November 2015, Tommie Copper Inc. found themselves in a class-
action lawsuit for advertising that their copper-infused apparel will reduce pain and 
inflammation associated with arthritis, fibromyalgia and multiple sclerosis.  None of 
these claims were supported by scientific evidence, so the company was fined $1.35 
million by the FTC ("TINA.org," 2016; "Tommie Copper to pay $1.35 million to settle 
FTC deceptive advertising charges," 2015).  Sketcher’s, Reebok and Fitflop USA found 
themselves in a similar situation when they claimed that wearing their shoes could offer 
benefits such as weight loss, muscle tone and cellulite reduction.  They spent over a 
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combined $70 million in customer refunds ("TINA.org," 2016)  In future claims, Reebok 
will need to provide “competent and reliable scientific evidence” that their shoes will 
strengthen muscles.  This needs to be quantifiable and backed by at least one adequate 
and controlled human study (Fair, 2011). 
Summary 
 Due to the rising popularity of athleisure clothing, performance apparel has 
attracted a vast target market made up of an estimated 210 million Americans who 
participate in fitness activities, as well as an estimated 80 million non-active consumers 
(FTC, 2001b).  Experts estimate that this number will continue to grow.  Morgan Stanley 
reports that global sports apparel and footwear sales have amassed $270 billion, and 
estimates that sales could reach $83 billion by 2020.  They attribute this to the rise of the 
athleisure trend ("Updating favorites: the modern elements in vintage-looking 
activewear," 2016).  The majority of performance apparel is equipped with technologies 
that enhance functional properties.  These include protection from elements such as the 
sun, wind, rain, and odor-causing bacteria, superior moisture management and wicking 
capabilities, wrinkle, stain and shrinkage resistance, and advanced overall comfort.  In 
order for a consumer to be able to understand the potential of these properties, they are 
provided with information on apparel hang tags.  It is imperative that these performance 
qualities maintain their functionality with repeated home laundering.
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Chapter Three 
Methodology 
The purpose of this research was to evaluate aesthetic properties and functional 
performance claims in athleisure, in order to confirm or refute their authenticity before 
and after repeated home laundering.  The functional performance claims were listed on 
the hang tags of athleisure garments.  Hang tags are detachable advertisements that 
provide information on the brand and performance attributes.  Research shows that 
consumers look at hang tags during the purchasing stage ("Casual work days: athleisure 
at the office," 2016); however, additional research is necessary to determine their 
validity.  This is applicable to athletic apparel, which has become appropriate everyday 
wear due to the athleisure movement.  Though the majority of athletic apparel is 
equipped with performance properties, it is unknown if they decrease with repeated home 
laundering.  In this research, the performance claims listed on the hang tags of ninety 
garments were evaluated initially, and after one, five, ten, fifteen and twenty repeated 
laundering cycles.  The research design and method of statistical analysis are presented in 
this chapter. 
Research Design 
 In order to gather quantitative data, a quasi-experimental design was used to 
evaluate the garments according to industry standards.  The ninety performance 
garments, two types of washers and two leading brands of detergents were the 
independent variables.  The dependent variables were generated from the test results.  
These include smoothness, dimensional stability, color change, pilling, horizontal 
wicking of textiles, water repellency- spray test, water resistance- impact penetration, 
water resistance- hydrostatic pressure, absorbency of textiles, aqueous liquid repellency 
and air permeability.  
Samples 
 A convenience (nonprobability) sample of activewear with performance features 
consisted of ninety garments that are currently on the market and commonly used by 
consumers.  The garments included men’s and women’s t-shirts, polos, leggings, 
windbreakers, hoodies, sweatpants, and warm-up pants of various fiber contents and 
performance chemistries.  It was preferred that the garments had performance qualities 
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relating to moisture management.  Performance claims listed on the hang tags included 
moisture management, wicking, quick dry, stay cool, breathable, water resistant and wind 
resistant.  Garments in the sample were a combination of natural, synthetic and blended 
fiber contents.  Eighty of the garments were divided into four clothes loads that each 
weighed approximately 12 pounds and contained twenty garments.  These loads were 
identical, containing two of each performance garment to ensure consistency.  There was 
also a control load, which included one of each garment.  The control load remained 
unwashed and was used solely for comparison throughout the study. 
 The garments in this sample were chosen to represent clothes that the average 
consumer would wear.  T-shirts, polos, leggings, windbreakers, hoodies, and pants are all 
apparel items that people typically have in their wardrobe.  
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Table 3.1 
Summary of Performance Claims 
Description of Sample Performance Claims 
Sample Fiber Content 
M
oisture 
M
anagem
ent 
W
icking 
Q
uick D
ry 
S
tay C
ool/ 
B
reathable 
W
ater 
R
esistant 
W
ind 
R
esistant 
Polo A 95% Cotton/5% spandex X X X 
Polo B 100% Polyester X X X X   
T-Shirt A 100% Polyester X X X X   
T-Shirt B 57% Cotton/38% Polyester/ 5% Elastane X X X X   
Hoodie 80% Polyester/20% Cotton X    X  
Windbreaker 100% Polyester X    X X 
Pant A 100% Polyester X    X X 
Pant B 80% Cotton/20% Polyester X  X X X  
Legging A 89% Cotton/11% Spandex X X X X   
Legging B 43% Nylon/32% Polyester/25% Lycra elastane X X  X   
Legging C 
Front: 77% Nylon/23% Lycra elastane; Back: 
69% Nylon/31% Lycra elastane 
X X  X   
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Procedures 
 The garments were prepared under the same parameters and subjected to identical 
tests and then evaluated initially, and after one, five, ten, fifteen and twenty repeated 
laundering cycles.  Prior to testing, specimens were conditioned for a minimum of four 
hours in an atmospheric chamber registering 70° ± 2° Fahrenheit and relative humidity of 
65% ± 5% according to the ASTM D1776 Standard Practice for Conditioning and 
Testing Textiles (ASTM, 2008).  Tests to measure aesthetic features included 
smoothness, dimensional stability, color change and pilling.  Tests to measure functional 
features included horizontal wicking of textiles, water repellency- spray test, water 
resistance- impact penetration, water resistance- hydrostatic pressure, absorbency of 
textiles, aqueous liquid repellency and air permeability. 
Aesthetic evaluation. 
Smoothness appearance.  Smoothness and the appearance of wrinkles was 
evaluated initially, and after one, five, ten, fifteen and twenty laundering cycles according 
to the AATCC Test Method 124-2014, Smoothness Appearance of Fabrics after 
Repeated Home Laundering.  Smoothness was performed on all garments, which were 
positioned on hangers in the lengthwise direction, and mounted to an AATCC verified 
viewing board.  An observer standing within 1.2 ± 0.3 m distance under the fluorescent 
light evaluated garments using the AATCC Three-Dimensional Smoothness Appearance 
Replicas.  A numerical grade between 1 and 5 was given to each garment, with one being 
the least smooth and five being the most smooth.  The fabric smoothness rating 
descriptions are as follows: 1 (crumpled, creased, and severely wrinkled appearance), 2 
(rumpled, obviously wrinkled appearance), 3 (mussed, nonpressed appearance), 3.5 
(fairly smooth but nonpressed appearance), 4 (smooth, finished appearance), 5 (very 
smooth, pressed appearance) (AATCC, 2016). 
Dimensional stability.  Dimensional change was evaluated initially, and after one, 
five, ten, fifteen and twenty laundering cycles according to the AATCC Test Method 
150-2012, Dimensional Changes of Garments after Home Laundering.  Dimensional 
change was performed on all garments in order to determine the amount of growth or 
shrinkage as a result of repeated laundering cycles.  Prior to marking the measurement 
sites and measuring the benchmarks after each laundering cycle, the garments were 
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conditioned for a minimum of 4 hours in an atmospheric chamber registering 70° ± 2° 
Fahrenheit and relative humidity of 65% ± 5%. Using the test method’s benchmark 
locations table as a guide, two length and two width measurements were marked on each 
sample.  Measurements were taken with the garments laid on a horizontal, flat surface, 
free of tension.  The dimensional change was calculated by comparing measurements 
obtained after one, five, ten, fifteen and twenty laundering cycles to those obtained 
initially, using the following formula: 
%DC = 100 (B-A)/A 
Color change.  A subjective, visual evaluation of color change was performed 
after one, five, ten, fifteen and twenty laundering cycles according to the AATCC 
Evaluation Procedure 1-2012.  The difference in color between the unwashed (control) 
specimen and the washed specimen was compared using the AATCC Gray Scale for 
Evaluating Change in Color (ISO International Standard 105/A102).  The Gray Scale is a 
10-step scale with two gray chips of different shades positioned side-by-side.  The 
contrast in shade between the two chips grows as the ratings decrease.  The scale ranges 
from 1 to 5 with half steps in between.  A colorfastness grade of 5 was classified as none 
or no color change, 4 as slight, 3 as moderate, 2 as severe, and 1 as very severe.  The 
washed specimen and corresponding control were placed side-by-side at a 45° ± 5° angle 
to a daylight (D65) illuminant in a Spectra Light QC light booth.  The rater viewed the 
specimens at a 90° ± 5° angle.  The Gray Scale was placed along the specimen and 
control, and color difference was compared.  The rater assigned a grade by comparing the 
color difference between the two specimens with differences represented on the Gray 
Scale.  
Pilling.  A subjective, visual evaluation of the level of pilling was performed after 
one, five, ten, fifteen and twenty laundering cycles according to ASTM D 3512-16 
Standard Test Method for Pilling Resistance and Other Related Surface Changes of 
Textile Fabrics: Random Tumble Pilling Tester.  The observer examined all specimens 
closely in a Spectra Light QC light booth under a daylight (D65) illuminant.  Photographic 
standards of pilling from ASTM D 3512-16 were used to evaluate the grade of pilling.  
Each specimen was compared to the photographic standards and assigned a rating that 
most closely matches the pilling of the specimen.  The pilling descriptions that 
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correspond to the photographic standards are as follows: 1 (very severe), 2 (severe), 3 
(moderate), 4 (slight) and 5 (none). 
Functional evaluation. 
Horizontal wicking.  Horizontal wicking was evaluated initially, and after one, 
five, ten, fifteen and twenty laundering cycles according to the AATCC Test Method 
198-2013, Horizontal Wicking of Textiles.  This test method is used to evaluate a 
horizontally aligned fabric’s ability to transport moisture along or through its structure.  
Prior to testing after each laundering cycle, the garments were conditioned for a 
minimum of 4 hours in an atmospheric chamber registering 70° ± 2° Fahrenheit and 
relative humidity of 65% ± 5%.  The test specimen was placed in an embroidery hoop so 
that the fabric inside the hoop was taut and free of wrinkles.  The hoop was placed on top 
of a large glass crock.  A template with a circle measuring 100mm in diameter was 
centered on top of the fabric inside the hoop.  Using an electronic pipette, 10.0 mL of 
distilled water was placed on the fabric in the center of the template.  The time required 
for the water to wick 100 mm ± 3 mm to the inner edge of the template was recorded to 
the nearest second.  The distance the liquid had spread in the length and width direction 
was also recorded.  If the water failed to reach the 100 mm ± 3 mm circle in 5 ± 0.1 
minutes or less, the test was terminated, and the current distance and time was recorded. 
This process was repeated on the face and back of the fabric.  The horizontal wicking rate 
was calculated using the following formula: 
W = π(1/4)(d1)(d2)/t 
where: 
W = wicking rate, mm2/s 
d1= wicking distance in length direction, mm and d2 = wicking distance in 
width direction, mm 
t = wicking time, s 
Water repellency.  Water repellency was evaluated initially, and after one, five, 
ten, fifteen and twenty laundering cycles according to the AATCC Test Method 22-2014, 
Water Repellency: Spray Test.  This test method measures the resistance of fabrics to 
wetting by water.  It is especially useful for measuring the water repellency of finishes 
that have been applied to fabrics.  Only products that claimed to have water repellent 
 
31 
 
properties were tested for water repellency.  Prior to testing after each laundering cycle, 
the garments were conditioned for a minimum of 4 hours in an atmospheric chamber 
registering 70° ± 2° Fahrenheit and relative humidity of 65% ± 5%.  The test specimen 
was placed in an embroidery hoop so that the fabric inside the hoop was taut and free of 
wrinkles.  The hoop was placed on the stand of a James H. Heal & Co. Ltd. Spray Rating 
Tester at a 45° angle so that the center of fabric inside the hoop coincided with the center 
of the spray pattern.  250 mL of room temperature, deionized water was poured through 
the funnel so that it sprayed onto the face-side of the fabric inside the hoop for 25-30 
seconds.  The hoop was removed from the apparatus, tapped once, rotated 180° and 
tapped on the other end prior to evaluation.  Specimens received a grade, ranging from 0 
to 100, based on comparison of the wetting pattern to those on the spray test rating chart.   
The descriptions that correspond to the photographic standards are as follows: 100 (no 
sticking or wetting of the specimen face), 90 (slight random sticking or wetting of the 
specimen face), 80 (wetting of the specimen face at spray points), 70 (partial wetting of 
the specimen face beyond the spray points), 50 (complete wetting of the entire specimen 
face beyond the spray points) and 0 (complete wetting of the entire face of the specimen).  
Intermediate ratings can be used for ratings of 50 or higher (95, 85, 75, 60). 
Water resistance: impact penetration.  Water resistance: impact penetration was 
evaluated initially, after one, five, ten, fifteen and twenty laundering cycles according to 
the AATCC Test Method 42-2013, Water Resistance: Impact Penetration. This test 
measures the resistance of fabrics to the penetration of water by impact.  Only products 
that claimed to have water resistant or water repellent properties were tested for water 
resistance.  Prior to testing after each laundering cycle, the garments were conditioned for 
a minimum of 4 hours in an atmospheric chamber registering 70° ± 2° Fahrenheit and 
relative humidity of 65% ± 5%.  The instrument used was an Impact Penetration Tester 
#8726.  One end of the test specimen was clamped under the 152 mm spring clamp at the 
top of the incline stand.  The other end of the test specimen was clamped at the bottom of 
the incline stand so that the specimen was smooth and free of wrinkles.  A piece of 
standard blotter paper 152 x 230 mm was weighed to the nearest 0.1 g and placed beneath 
the test specimen.  500 ± 10 mL of room temperature, deionized water was poured 
through the funnel and allowed to spray on the face-side of the test specimen.  The blotter 
 
32 
 
paper was removed from underneath the test specimen and weighed to the nearest 0.1 g.  
This procedure was repeated for three times for each garment.  The three results were 
averaged for an overall value. 
Water resistance: hydrostatic pressure.  Water resistance: hydrostatic pressure 
was evaluated initially, and after one, five, ten, fifteen and twenty laundering cycles 
according to the AATCC Test Method 127-2014, Water Resistance: Hydrostatic 
Pressure Test.  This test method measures the resistance of a fabric to the penetration of 
water under hydrostatic pressure.  Only products that claimed to have water repellent 
properties were tested for water resistance.  Prior to testing after each laundering cycle, 
the garments were conditioned for a minimum of 4 hours in an atmospheric chamber 
registering 70° ± 2° Fahrenheit and relative humidity of 65% ± 5%.  The instrument used 
was a Textest Instruments FX 3000 Hydrostatic Head Tester with a gradient of 60 
mbar/min selected.  The test specimen was clamped face-side down on the apparatus.  
Once the start button wass pressed, the researcher observed the fabric and recorded the 
time it took for three water droplets to penetrate the fabric in three different places (water 
droplets that appear within 3 mm of the clamping ring were disregarded).   
Absorbency of textiles.  Absorbency was evaluated initially, and after one, five, 
ten, fifteen and twenty laundering cycles according to the AATCC Test Method 79-2014, 
Absorbency of Textiles.  This test method assesses the water resistance and repellency of 
textile finish applications.  This test method was performed on all garments, because they 
all claim to have moisture management properties.  Prior to testing after each laundering 
cycle, the garments were conditioned for a minimum of 4 hours in an atmospheric 
chamber registering 70° ± 2° Fahrenheit and relative humidity of 65% ± 5%. 
 Each specimen was secured in an embroidery hoop to ensure a smooth surface.  Using an 
eye dropper, five drops of room temperature, deionized water were placed on the fabric 
held within the hoop.  The time required for a drop of water to lose light reflection and 
change to a matte, wet spot was recorded.  This process was repeated on the face and 
back of the fabric.  
Aqueous liquid repellency.  Resistance to wetting was evaluated initially, and 
after one, five, ten, fifteen and twenty laundering cycles according to the AATCC Test 
Method 193-2012, Aqueous Liquid Repellency.  This test method assesses a fabric’s 
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resistance to wetting with a series of alcohol/water solutions of differing surface tensions.  
The solutions ranged from 1 (2% isopropyl alcohol solution [vol/vol]) to 8 (60% 
isopropyl alcohol solution [vol/vol]).  Each increase in test liquid resulted in a decrease in 
surface tension.  Prior to testing after each laundering cycle, the garments were 
conditioned for a minimum of 4 hours in an atmospheric chamber registering 70° ± 2° 
Fahrenheit and relative humidity of 65% ± 5%.  Specimens were laid horizontally on a 
flat surface with a piece of blotting paper underneath.  Three drops of the lowest-
numbered test liquid were placed on each specimen and left undisturbed for 10 ± 2 
seconds.  If two out of the three drops remained with a clear, well-rounded drop, without 
showing any signs of wicking or wetting, then the test liquid passed, and the process 
continued with the next test liquid.  If any of the drops remained as a rounded drop with 
partial darkening, then the test liquid borderline passed, and the process continued.  The 
procedure continued until two of the three drops showed obvious wetting or wicking 
within 10 ± 2 seconds.  This process was repeated on the face and back of the fabric.  
Specimens received a grade, ranging from 1 to 8, based on the numerical value of the 
highest numbered test liquid that passed without showing signs of wicking or wetting.  If 
a specimen failed test liquid 1, a grade of 0 was assigned.  Specimens who borderline 
passed received a grade that is .5 less than the highest numbered test liquid that passed.   
Air permeability.  Air permeability was evaluated initially, and after one, five, 
ten, fifteen and twenty laundering cycles according to the ASTM Test Method D737-
04(2012), Air Permeability of Textile Fabrics.  This test method measures the rate of air 
flow that can pass perpendicularly through a fabric, and can be used to determine the 
breathability of fabrics.  Prior to testing after each laundering cycle, the garments were 
conditioned for a minimum of 4 hours in an atmospheric chamber registering 70° ± 2° 
Fahrenheit and relative humidity of 65% ± 5%.  The instrument used was a Textest 
Instruments FX 3000 Air Permeability Tester III with a pressure set to 125 Pa.  The test 
specimen was placed test-side down across the test head of the instrument.  The clamping 
arm was pressed, which starts the test.  A rating of cubic feet per minute appeared, once 
the reading stabilized, it was recorded.  The release of the clamping arm ends the test.  
This process was repeated on the face and back of the fabric.   
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Laundering conditions.  The apparatus used for washing two of the test loads 
was a high efficiency top-loading washing machine.  The other two test loads were 
washed in a high-efficiency front-loading washing machine.  The washing machines, 
which were set on cold, normal cycles were supplied with “hard” water.  The hot water 
temperature was set to 130° Fahrenheit and the cold water temperature was set to 60° 
Fahrenheit.  Two of the test loads were washed with 70.5 g of a leading consumer 
detergent, which was referred to as Detergent #1.  The other two test loads were washed 
with 96.5 g of a different leading consumer detergent, which was referred to as Detergent 
#2.  The amount of detergent was determined using the recommended dose based on 
specific load weight.  Garments were dried with a tumble dryer set on a normal, high 
cycle. 
Data Analysis 
Data was collected in a textile research lab.  The researcher then exported the data 
from Excel to Minitab, where it was analyzed using descriptive statistics and one-way 
ANOVA, and presented in table, graph or chart format.  A 95% confidence interval with 
an α of .05 was used throughout the study in order to determine levels of significance.  
Finally, a summary of the data was generated, and overall conclusions were reached.  
Following data analysis, the researcher may make suggestions for further research. 
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Chapter Four 
Results and Discussion 
The purpose of this research was to evaluate aesthetic properties and functional 
performance claims in athleisure, in order to confirm or refute their authenticity before 
and after repeated home laundering.  The ninety performance garments were tested 
initially, after one, five, ten, fifteen and twenty laundry cycles.  The garments were tested 
for smoothness, dimensional stability, color change, pilling, horizontal wicking of 
textiles, water repellency- spray test, water resistance- impact penetration, water 
resistance- hydrostatic pressure, absorbency of textiles, aqueous liquid repellency and air 
permeability.  All testing was performed in accordance with AATCC and ASTM 
standard test methods and was conducted under controlled laboratory settings.   
For the presentation of data, multiple samples and replications are averaged 
together, and a summary is presented in the form of descriptive statistics, graphs and 
charts.  Garments are analyzed individually to determine performance.  The overall 
average of all of the garments in each load is also compared in order to determine if a 
relationship exists between performance, detergent and washer type.  When appropriate, 
data is compared to ASTM D4154-14 Standard Performance Specification for Mens' and 
Boys' Knitted and Woven Beachwear and Sports Shirt Fabrics, ASTM D4156-14 
Standard Performance Specification for Womens' and Girls' Knitted Sportswear Fabrics, 
and ASTM D7017-14 Standard Performance Specification for Rainwear an All Purpose, 
Water-Repellent Coat Fabrics.   
The majority of data discussed in this chapter was collected after wash 5 and wash 
20.  Measuring performance after 5 washes determines how a garment will function after 
residual and/or temporary finishes are removed.  Data gathered after 20 washes provides 
an evaluation of the expected serviceability of a garment over its lifetime.  Data collected 
at all testing intervals is presented in Appendix B. 
Aesthetic evaluation. 
 The aesthetic features of the garments were evaluated after one, five, ten, fifteen 
and twenty laundry cycles.  The purpose of this was to determine whether the garments 
retained their original aesthetic features after repeated home laundering.  Tests to 
measure aesthetic performance included smoothness, dimensional stability, color change 
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and pilling.  In this chapter, summary data from wash 5 and wash 20 are presented and 
discussed.  Individual data is presented in Appendix B. 
Smoothness appearance.  Smoothness and the appearance of wrinkles was 
evaluated initially, and after one, five, ten, fifteen and twenty laundering cycles according 
to the AATCC Test Method 124-2014, Smoothness Appearance of Fabrics after 
Repeated Home Laundering.  Smoothness was performed on all garments, which were 
positioned on hangers in the lengthwise direction, and mounted to an AATCC verified 
viewing board.  An observer standing within 1.2 ± 0.3 m distance under the fluorescent 
light evaluated garments using the AATCC Three-Dimensional Smoothness Appearance 
Replicas.  A numerical grade between 1 and 5 was given to each garment, with one being 
the least smooth and five being the most smooth.  The fabric smoothness rating 
descriptions are as follows: 1 (crumpled, creased, and severely wrinkled appearance), 2 
(rumpled, obviously wrinkled appearance), 3 (mussed, nonpressed appearance), 3.5 
(fairly smooth but nonpressed appearance), 4 (smooth, finished appearance), 5 (very 
smooth, pressed appearance) (AATCC, 2016).  All garments were evaluated, and the 
smoothness grade for each can be reviewed in Table B1 of Appendix B.  Summary data 
for wash 5 and 20 is shown in Figures 4.1-4.2 and Table 4.1.   
 
Figure 4.1. Smoothness Appearance of Fabric, AATCC Test Method 124-2014: by 
Garment 
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After 5 washes, all garments except Polo A and the Windbreaker had an 
smoothness rating between 3.4 and 4.0 (see Table 4.1).  After 20 washes, all garments 
except Polo A had a smoothness rating between 3.0 and 4.0.  After 5 washes, Legging B 
and C had the highest ratings of 5.0 each.  After 20 washes, Legging B declined to an 
rating of 4.3 and Legging C declined to 4.4.  Overall, Legging C retained the highest 
smoothness rating of all garments.  One-way ANOVA revealed that the difference in 
smoothness ratings between garment types was significant after 20 washes (p=0.000).   
Table 4.1 
Smoothness Appearance of Fabric, AATCC Test Method 124-2014: by Garment 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
3.8 
3.9 
 
(sd 0.1) 
3.9 
4.0 
 
(sd 0.1) 
2 FL 4.0 4.0 
3 TL 
2 
4.0 4.0 
4 FL 4.0 4.0 
Legging A 
1 TL 
1 
4.0 
4.0 
 
(sd 0.0) 
4.0 
3.9 
 
(sd 0.1) 
2 FL 4.0 4.0 
3 TL 
2 
4.0 4.0 
4 FL 4.0 3.8 
Legging B 
1 TL 
1 
5.0 
5.0 
 
(sd 0.0) 
4.0 
4.3 
 
(sd 0.3) 
2 FL 5.0 4.5 
3 TL 
2 
5.0 4.5 
4 FL 5.0 4.0 
Legging C 
1 TL 
1 
5.0 
5.0 
 
(sd 0.0) 
4.5 
4.4 
 
(sd 0.2) 
2 FL 5.0 4.5 
3 TL 
2 
5.0 4.5 
4 FL 5.0 4.0 
Pant A 
1 TL 
1 
3.3 
3.4 
 
(sd 0.2) 
3.5 
3.6 
 
(sd 0.1) 
2 FL 3.3 3.5 
3 TL 
2 
3.5 3.8 
4 FL 3.8 3.5 
Pant B 
1 TL 
1 
4.0 
4.1 
 
(sd 0.1) 
4.0 
4.0 
 
(sd 0.0) 
2 FL 4.3 4.0 
3 TL 
2 
4.0 4.0 
4 FL 4.0 4.0 
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Table 4.1 (continued) 
Smoothness Appearance of Fabric, AATCC Test Method 124-2014: by Garment 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Polo A 
1 TL 
1 
2.5 
2.6 
2.6 
2.6 
2 FL 2.8 2.6 
3 TL 
2 
2.8 2.8 
4 FL 2.5 2.5 
Polo B 
1 TL 
1 
4.0 
3.9 
4.0 
3.9 
2 FL 4.0 3.8 
3 TL 
2 
3.8 4.0 
4 FL 4.0 4.0 
T-Shirt A 
1 TL 
1 
4.0 
4.0 
4.0 
4.0 
2 FL 4.5 3.9 
3 TL 
2 
3.6 4.0 
4 FL 3.8 4.0 
T-Shirt B 
1 TL 
1 
4.3 
4.0 
4.0 
4.0 
2 FL 3.8 4.0 
3 TL 
2 
4.0 4.0 
4 FL 4.0 4.0 
Windbreaker 
1 TL 
1 
2.5 
2.8 
3.0 
3.0 
2 FL 3.0 3.0 
3 TL 
2 
2.8 3.0 
4 FL 3.0 3.0 
 
After 5 washes, one-way ANOVA indicated that there was no significant 
difference between smoothness ratings for each load (p=0.984).  This was also true after 
20 washes (p=0.921).  Figure 4.2 shows the smoothness rating for each load after 5 and 
20 washes.  After 5 washes, the smoothness rating for each load ranged from 3.8 to 3.9.  
After 20 washes, the smoothness rating for each load ranged from 3.7 to 3.9.  All loads 
decreased in smoothness ratings except for Loads 1 and 3, which remained the same with 
means of 3.8 and 3.9, respectively.   
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Figure 4.2. Smoothness Appearance of Fabric, AATCC Test Method 124-2014: by Load 
Overall, the smoothness rating was slightly higher for garments washed in a top 
load washer; however, a one-way ANOVA revealed that there was no significant 
difference between washer type (p=0.671) or detergent type (p=1.000) after 20 washes.   
Dimensional Stability.  Dimensional change was measured on all garments 
according to AATCC Test Method 150-2012, Dimensional Changes of Garments after 
Home Laundering.  The garments were measured initially, and after one, five, ten, fifteen 
and twenty laundry cycles in order to determine the percentage of shrinkage or growth 
during the laundering process.  Each sample was measured twice in the length direction 
and twice in the width direction and the average value was recorded.  Positive values 
indicate shrinkage, while negative values indicate growth.  All garments were evaluated, 
and the dimensional change for each can be reviewed in Table B2 of Appendix B. A 
summary of dimensional change after 5 and 20 washes is shown in Figures 4.3-4.4 and 
Table 4.2.   
3.8
4.0 3.9 3.93.8 3.8 3.9 3.7
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
Load 1 Load 2 Load 3 Load 4
S
m
oo
th
ne
ss
 R
at
in
g 
(1
-5
)
Smoothness Appearance of Fabric, AATCC Test Method 
124-2014: by Load
5 Wash
20 Wash
 
40 
 
 
Figure 4.3. Dimensional Changes of Garments after Home Laundering, AATCC Test 
Method 150-2012: by Garment  
Polo A exhibited the highest dimensional change, with shrinkage rates over 3% 
after 1 wash, over 5% after 5 washes, and over 7% after 20 washes.  Shrinkage was 
consistently greater in the lengthwise direction for Polo A.   After 1 wash, Legging C 
showed the least dimensional change with a mean of .1%.  After 5 and 20 washes, 
Legging B showed the least dimensional change.  After 5 washes Legging B had a mean 
of 0.5%, which increased to 0.6% after 20 washes.  Legging A, Legging, B, Legging C, 
Pant A, Pant B, Polo B, T-Shirt A and the Windbreaker all experienced some negative 
change, indicating growth instead of shrinkage.  One-way ANOVA confirmed that the 
difference in dimensional change between garment types was significant after 20 washes 
(p=0.000). 
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Table 4.2 
Dimensional Changes of Garments after Home Laundering, AATCC Test Method 150-
2012: by Garment 
G
ar
m
en
t 
L
oa
d 
W
as
he
r 
D
et
er
ge
nt
 
L
oc
at
io
n 
Dimensional Change 
After 1 Wash 
Dimensional Change 
After 5 Washes 
Dimensional Change 
After 20 Washes 
L
oc
at
io
n 
A
ve
ra
ge
 
O
ve
ra
ll
 
L
oc
at
io
n 
A
ve
ra
ge
 
O
ve
ra
ll
 
L
oc
at
io
n 
A
ve
ra
ge
 
O
ve
ra
ll
 
H
oo
di
e 
1 TL 
1 
L 1.6 
10.0 
1.3 
 
(sd 0.4) 
2.1 
1.7 
1.8 
 
(sd 0.7) 
3.8 
2.6 
3.0 
 
(sd 0.4) 
W 1.0 1.4 1.3 
2 FL 
L 2.1 
1.7 
2.4 
2.2 
4.0 
3.1 
W 1.4 2.0 2.2 
3 TL 
2 
L 0.2 
0.7 
2.3 
2.1 
4.2 
3.6 
W 1.2 1.9 3.0 
4 FL 
L 2.5 
1.5 
1.9 
1.2 
3.3 
2.7 
W 0.6 0.4 2.1 
L
eg
gi
ng
 A
 
1 TL 
1 
L -0.1 
-0.1  
 
0.4 
 
(sd 0.4) 
 
 
0.5 
0.8 
0.4 
 
(sd 0.4) 
0.8 
1.1 
1.1 
 
(sd 0.3) 
W -0.2 1.1 1.3 
2 FL 
L 0.4 
0.3 
0.6 
0.4 
1.2 
0.9 
W 0.3 0.2 0.5 
3 TL 
2 
L 0.7 
0.5 
-0.7 
-0.1 
1.3 
0.9 
W 0.4 0.5 0.4 
4 FL 
L 0.3 
1.0 
-0.5 
0.6 
0.4 
1.5 
W 1.7 1.8 2.5 
L
eg
gi
ng
 B
 
1 TL 
1 
L -0.4 
0.6 
0.5 
 
(sd 0.3) 
-0.2 
-0.2 
0.6 
 
(sd 1.1) 
-0.3 
-0.4 
0.6 
 
(sd 0.9) 
W 1.5 -0.2 -0.4 
2 FL 
L 1.8 
0.8 
1.8 
0.5 
1.9 
1.0 
W -0.2 1.2 0.0 
3 TL 
2 
L 1.4 
0.6 
1.6 
1.0 
1.5 
0.7 
W -0.2 0.4 0.2 
4 FL 
L 1.3 
0.0 
0.8 
0.2 
1.3 
0.5 
W -1.3 -0.4 0.3 
L
eg
gi
ng
 C
 
1 TL 
1 
L -0.7 
-0.9 
0.1 
 
(sd 1.2) 
-0.1 
-1.0 
-0.6 
 
(sd 3.2) 
-0.6 
-1.7 
 
 
 
0.1 
 
(sd 3.8) 
W -1.1 -1.8 -2.7 
2 FL 
L 0.2 
0.0 
0.1 
-0.3 
0.1 
-0.7 
W -0.1 -0.6 1.3 
3 TL 
2 
L -0.4 
-0.8 
0.2 
-0.9 
0.4 
-0.4 
W -1.3 -2.0 1.2 
4 FL 
L 1.2 
2.0 
0.9 
-0.3 
0.8 
0.0 
W 2.9 -1.6 0.8 
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Table 4.2 (continued) 
Dimensional Changes of Garments after Home Laundering, AATCC Test Method 150-
2012: by Garment 
G
ar
m
en
t 
L
oa
d 
W
as
he
r 
D
et
er
ge
nt
 
L
oc
at
io
n 
Dimensional Change 
After 1 Wash 
Dimensional Change 
After 5 Washes 
Dimensional Change 
After 20 Washes 
L
oc
at
io
n 
A
ve
ra
ge
 
O
ve
ra
ll
 
L
oc
at
io
n 
A
ve
ra
ge
 
O
ve
ra
ll
 
L
oc
at
io
n 
A
ve
ra
ge
 
O
ve
ra
ll
 
P
an
t A
 
1 TL 
1 
L 0.5 
0.0 
0.4 
 
(sd 0.2) 
0.9 
1.0 
1.0 
 
(sd 1.2) 
1.6 
1.4 
1.5 
 
(sd 1.2) 
W -0.5 0.6 0.7 
2 FL 
L 0.7 
0.6 
1.4 
1.3 
2.1 
1.8 
W 0.5 1.3 1.5 
3 TL 
2 
L 0.6 
0.6 
1.3 
0.9 
1.7 
1.1 
W 0.5 0.4 0.5 
4 FL 
L 0.7 
0.5 
1.3 
1.0 
2.3 
1.8 
W 0.3 0.7 1.3 
P
an
t B
 
1 TL 
1 
L 0.5 
1.5 
1.6 
 
(sd 0.3) 
1.1 
2.6 
2.7 
 
(sd 0.2) 
2.0 
3.1 
3.3 
 
(sd 1.2) 
W 2.5 4.1 4.2 
2 FL 
L -0.4 
1.5 
1.4 
3.6 
2.3 
4.1 
W 3.4 5.9 5.9 
3 TL 
2 
L 0.2 
1.2 
0.8 
2.4 
1.5 
2.6 
W 2.3 3.9 3.7 
4 FL 
L 1.1 
2.1 
0.2 
2.1 
2.2 
3.3 
W 3.1 4.0 4.4 
P
ol
o 
A
 
1 TL 
1 
L 5.6 
4.6 
4.3 
 
(sd 0.8) 
8.3 
6.9 
6.7 
 
(sd 2.8) 
9.9 
7.5 
7.9 
 
(sd 0.6) 
W 3.5 5.5 5.1 
2 FL 
L 5.4 
5.3 
8.6 
7.8 
9.8 
8.5 
W 5.2 7.0 7.3 
3 TL 
2 
L 3.6 
3.1 
6.5 
5.6 
9.2 
7.1 
W 2.6 4.7 5.0 
4 FL 
L 5.9 
4.2 
9.5 
6.4 
12.8 
8.4 
W 2.6 3.3 4.0 
P
ol
o 
B
 
1 TL 
1 
L 1.0 
0.9 
0.6 
 
(sd 0.3) 
2.0 
1.9 
1.8 
 
(sd 0.7) 
2.7 
2.5 
2.9 
 
(sd 0.3) 
W 0.7 1.8 2.2 
2 FL 
L 0.7 
0.8 
2.3 
2.4 
2.7 
3.1 
W 0.9 2.5 3.5 
3 TL 
2 
L 0.0 
0.4 
1.4 
1.7 
2.7 
3.2 
W 0.9 2.0 3.6 
4 FL 
L 0.1 
0.2 
0.8 
1.0 
2.6 
2.8 
W 0.3 1.3 3.1 
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Table 4.2 (continued) 
Dimensional Changes of Garments after Home Laundering, AATCC Test Method 150-
2012: by Garment 
G
ar
m
en
t 
L
oa
d 
W
as
he
r 
D
et
er
ge
nt
 
L
oc
at
io
n 
Dimensional Change 
After 1 Wash 
Dimensional Change 
After 5 Washes 
Dimensional Change 
After 20 Washes 
L
oc
at
io
n 
A
ve
ra
ge
 
O
ve
ra
ll
 
L
oc
at
io
n 
A
ve
ra
ge
 
O
ve
ra
ll
 
L
oc
at
io
n 
A
ve
ra
ge
 
O
ve
ra
ll
 
T
-S
hi
rt
 A
 
1 TL 
1 
L 2.6 
1.9 
0.9 
 
(sd 1.5) 
3.8 
3.0 
2.4 
 
(sd 2.4) 
5.3 
4.0 
3.8 
 
(sd 1.6) 
W 1.2 2.2 2.6 
2 FL 
L 2.4 
1.8 
5.2 
3.9 
6.3 
4.9 
W 1.2 2.6 3.6 
3 TL 
2 
L 0.9 
1.6 
4.2 
3.3 
6.1 
4.6 
W 2.3 2.4 3.1 
4 FL 
L -4.4 
-1.6 
-2.3 
-0.7 
0.7 
0.9 
W 1.2 0.9 2.5 
T
-S
hi
rt
 B
 
1 TL 
1 
L 0.8 
1.1 
1.2 
 
(sd 0.3) 
1.6 
1.9 
2.1 
 
(sd 1.2) 
1.8 
2.6 
2.7 
 
(sd 0.3) 
W 1.3 1.8 2.5 
2 FL 
L 1.5 
1.5 
1.9 
2.1 
2.3 
2.6 
W 1.5 2.4 3.0 
3 TL 
2 
L 0.5 
0.8 
2.2 
2.1 
2.4 
2.7 
W 1.2 2.0 3.0 
4 FL 
L 1.4 
1.6 
2.5 
2.3 
3.7 
3.4 
W 1.7 2.1 3.1 
W
in
db
re
ak
er
 
1 TL 
1 
L 0.0 
0.4 
0.1 
 
(sd 0.2) 
0.9 
0.8 
0.6 
 
(sd 0.7) 
0.9 
0.8 
0.7 
 
(sd 0.1) 
W 0.8 0.7 0.7 
2 FL 
L 0.0 
0.1 
0.9 
0.8 
0.8 
0.7 
W 0.3 0.7 0.5 
3 TL 
2 
L 0.0 
0.1 
0.3 
0.2 
0.8 
0.6 
W 0.2 0.1 0.4 
4 FL 
L 0.2 
-0.1 
0.8 
0.4 
1.0 
0.4 
W -0.4 0.1 0.3 
 
Figure 4.4 shows dimensional change by load.  After 20 washes, Load 2, which 
was washed in a top load washer with Detergent #1, had the highest amount of 
dimensional change after 1, 5 and 20 washes, with means of 1.3%, 2.3% and 2.7%, 
respectively (see figure 4.4).  After 1 wash, Load 3, which was washed in a top load 
washer with Detergent #2 had the least dimensional change with a mean of 0.8%.  After 5 
washes, Load 4 had the least dimensional change with a mean of 1.3%.  After 20 washes, 
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Load 1, which was washed in a front load washer with Detergent #1 had the least 
dimensional change, with a mean of 2.1%.  One-way ANOVA found that the differences 
in dimensional change of each load were not significant after 1 wash (p=0.847), 5 washes 
(p=0.728) or 20 washes (p=0.950).   
 
Figure 4.4. Dimensional Changes of Garments after Home Laundering, AATCC Test 
Method 150-2012: by Load 
After 1 wash, the dimensional change was slightly greater for measurements in 
the width direction, than in the length direction.  After 5 and 20 washes, the dimensional 
change was slightly greater in the length direction than in the width direction.  However, 
differences in dimensional change between measurement directions were not significant 
after 1 wash (p=0.807), 5 washes (p=0.543) or 20 washes (p=0.209).   
Overall, garments washed in a front load washer with Detergent #1 consistently 
had higher rates of shrinkage than those washed in a top load with Detergent #2.  
However, one-way ANOVA revealed that differences in dimensional change between 
washers were not significant after 1 wash (p=0.503), 5 washes (p=0.915) or 20 washes 
(p=0.719).  Differences in dimensional change between detergents were also not 
significant after 1 wash (p=0.543), 5 washes (p=0.364) or 20 washes (p=0.954).   
Color change.  A subjective, visual evaluation of color change was performed 
after one, five, ten, fifteen and twenty laundering cycles according to the AATCC 
Evaluation Procedure 1-2012.  The difference in color between the unwashed (control) 
specimen and the washed specimen was compared using the AATCC Gray Scale for 
1.0
1.3
0.8
1.0
1.8
2.3
1.6
1.3
2.1
2.7
2.4 2.3
0.0
0.5
1.0
1.5
2.0
2.5
3.0
Load 1 Load 2 Load 3 Load 4
D
im
en
si
on
al
 C
ha
ng
e 
(%
)
Dimensional Changes of Garments after Home 
Laundering, AATCC Test Method 150-2012: by Load
Wash 1
Wash 5
Wash 20
 
45 
 
Evaluating Change in Color (ISO International Standard 105/A102).  The Gray Scale is a 
10-step scale with two gray chips of different shades positioned side-by-side.  The 
contrast in shade between the two chips grows as the ratings decrease.  The scale ranges 
from 1 to 5 with half steps in between.  A colorfastness grade of 5 was classified as none 
or no color change, 4 as slight, 3 as moderate, 2 as severe, and 1 as very severe.  The 
washed specimen and corresponding control were placed side-by-side at a 45° ± 5° angle 
to a daylight (D65) illuminant in a Spectra Light QC light booth.  The rater viewed the 
specimens at a 90° ± 5° angle.  The Gray Scale was placed along the specimen and 
control, and color difference was determined.  The rater assigned a grade by comparing 
the color difference between the two specimens with differences represented on the Gray 
Scale.  All garments were evaluated, and the color change for each can be reviewed in 
Table B3 of Appendix B.  Figures 4.5-4.6 and Table 4.3 show a summary of color change 
after 5 and 20 washes.   
 
Figure 4.5. Color Change, AATCC Evaluation Procedure 1-2012: by Garment 
 Legging C had a color change rating of 4.9 after 5 washes and 4.4 after 20 washes 
(see Table 4.3).  Legging C had the least amount of color change.  After 5 washes, Polo A 
had a color change rating of 3.2.  After 20 washes, Pant B had a color change rating of 
2.4.  Overall, Polo A had the highest level of color change after 5 washes and Pant B had 
the level of color change after 20 washes.  The level of color change in each garment 
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increased between 5 and 20 washes.  One-way ANOVA indicated that the differences in 
color change between garment types were significant (p=0.000).   
Table 4.3 
Color Change, AATCC Evaluation Procedure 1-2012: by Garment 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
4.5 
4.3 
 
(sd 0.2) 
3.5 
3.8 
 
(sd 0.2) 
2 FL 4.5 3.9 
3 TL 
2 
4.0 4.0 
4 FL 4.3 3.8 
Legging A 
1 TL 
1 
4.0 
4.1 
 
(sd 0.2) 
3.8 
3.9 
 
(sd 0.1) 
2 FL 4.5 4.0 
3 TL 
2 
4.0 4.0 
4 FL 4.0 4.0 
Legging B 
1 TL 
1 
5.0 
4.6 
 
(sd 0.4) 
4.3 
4.3 
 
(sd 0.2) 
2 FL 5.0 4.5 
3 TL 
2 
4.0 4.5 
4 FL 4.5 4.0 
Legging C 
1 TL 
1 
4.5 
4.9 
 
(sd 0.2) 
4.8 
4.4 
 
(sd 0.4) 
2 FL 5.0 3.8 
3 TL 
2 
5.0 4.5 
4 FL 5.0 4.5 
Pant A 
1 TL 
1 
4.8 
4.2 
 
(sd 0.4) 
4.0 
3.8 
 
(sd 0.2) 
2 FL 4.5 3.8 
3 TL 
2 
3.8 4.0 
4 FL 3.9 3.5 
Pant B 
1 TL 
1 
3.9 
3.5 
 
(sd 0.3) 
2.3 
2.4 
 
(sd 0.2) 
2 FL 3.8 2.8 
3 TL 
2 
3.3 2.4 
4 FL 3.3 2.4 
Polo A 
1 TL 
1 
3.5 
3.2 
 
(sd 0.3) 
2.9 
2.9 
 
(sd 0.4) 
2 FL 2.8 2.4 
3 TL 
2 
3.5 3.3 
4 FL 3.0 3.3 
Polo B 
1 TL 
1 
4.3 
4.5 
 
(sd 0.2) 
3.5 
3.8 
 
(sd 0.2) 
2 FL 4.5 3.9 
3 TL 
2 
4.5 3.8 
4 FL 4.8 3.9 
T-Shirt A 
1 TL 
1 
4.5 
4.1 
 
(sd 0.4) 
3.6 
3.4 
 
(sd 0.1) 
2 FL 4.5 3.4 
3 TL 
2 
3.8 3.4 
4 FL 3.5 3.3 
T-Shirt B 
1 TL 
1 
4.5 
4.2 
 
(sd 0.3) 
4.0 
3.9 
 
(sd 0.1) 
2 FL 4.5 4.0 
3 TL 
2 
4.0 3.8 
4 FL 3.8 4.0 
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Table 4.3 (continued) 
Color Change, AATCC Evaluation Procedure 1-2012: by Garment 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Windbreaker 
1 TL 
1 
4.8 
3.9 
 
(sd 0.8) 
3.8 
3.5 
 
(sd 0.3) 
2 FL 4.8 3.0 
3 TL 
2 
3.3 3.8 
4 FL 3.0 3.5 
 
Figure 4.6 displays the color change for each load.  After 5 washes, the color 
change ratings for Loads 1 and 2 were each 4.4, and the color change ratings for Loads 3 
and 4 were each 3.9 (see figure 4.6).  Loads 1 and 2 had the lowest amount of color 
change across loads, while Loads 3 and 4 had the highest amount of color change across 
loads after 5 washes.  After 20 washes, the color change rating for Load 3 was 3.8, and 
the color change rating for Load 2 was 3.6.  Load 3 had the lowest amount of color 
change across loads and Load 2 had the highest level amount of color change across 
loads after 20 washes.  One-way ANOVA revealed that there was no significant 
difference in color change between loads after 5 washes (p=0.072) or 20 washes 
(p=0.920).   
 
Figure 4.6. Color Change, AATCC Evaluation Procedure 1-2012: by Load 
After 5 washes, the color change ratings for garments washed in the top load 
washer and the front load washer were each 4.1.  One-way ANOVA shows that after 5 
washes, there were no significant differences between the color change rating of 
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garments washed in each washer  (p=1.000).  After 20 washes, the color change rating of 
garments washed in the top load washer was 3.7 and the color change rating of garments 
washed in the front load washer was 3.6 (see Figure 4.6).  Although garments washed in 
the top load washer had less color change than those washed in the front load washer, 
one-way ANOVA indicated that this difference was not significant (p=0.576).   
After 5 washes, the color change rating of garments washed in Detergent #1 was 
4.4, which was significantly less (p=0.007) than the color change rating of garments 
washed in Detergent #2, which was 3.9.  After 20 washes, the color change rating of 
garments washed in Detergent #1 was 3.6, while the color change rating of garments 
washed in Detergent #2 was 3.7.  One-way ANOVA found that after 20 washes, the color 
change results between detergents were not significantly different (p=0.664).  
Pilling.  A subjective, visual evaluation of the level of pilling was performed after 
one, five, ten, fifteen and twenty laundering cycles according to ASTM D 3512-16 
Standard Test Method for Pilling Resistance and Other Related Surface Changes of 
Textile Fabrics: Random Tumble Pilling Tester.  The observer examined all specimens 
closely in a Spectra Light QC light booth under a daylight (D65) illuminant.  Photographic 
standards of pilling from ASTM D 3512-16 were used to evaluate the rate of pilling.  
Each specimen was compared to the photographic standards and assigned a rating that 
most closely matches the pilling of the specimen.  The pilling descriptions that 
correspond to the photographic standards are as follows: 1 (very severe), 2 (severe), 
3(moderate), 4 (slight) and 5 (none).  All garments were evaluated, and the pilling grade 
for each can be reviewed in Table B4 of Appendix B.  Figures 4.7-4.8 and Table 4.4 
show a summary of pilling after 5 and 20 washes.   
 
49 
 
 
Figure 4.7. Standard Test Method for Pilling Resistance and Other Related Surface 
Changes of Textile Fabrics, ASTM D 3512-16: by Garment 
 After 5 and 20 washes, the pilling rating of Legging B, Legging C, Pant A and the 
Windbreaker was 5.0, indicating no pilling (see Table 4.4).  Overall, the Hoodie and Pant 
B had the highest levels of pilling, with mean pilling ratings of 2.0 and 1.7 after 5 
washes, and 1.0 after 20 washes.  T-Shirt B also had high levels of pilling, with a mean 
pilling rating of 1.6 after 20 washes.  One-way ANOVA confirmed that the pilling ratings 
between garment types were significantly different (p=0.000). 
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Table 4.4 
Standard Test Method for Pilling Resistance and Other Related Surface Changes of 
Textile Fabrics, ASTM D 3512-16: by Garment  
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
2.0 
2.0 
 
(sd 0.0) 
1.0 
1.0 
 
(sd 0.0) 
2 FL 2.0 1.0 
3 TL 
2 
2.0 1.0 
4 FL 2.0 1.0 
Legging A 
1 TL 
1 
4.5 
4.8 
 
(sd 0.3) 
4.0 
4.0 
 
(sd 0.0) 
2 FL 4.5 4.0 
3 TL 
2 
5.0 4.0 
4 FL 5.0 4.0 
Legging B 
1 TL 
1 
5.0 
5.0 
 
(sd 0.0) 
5.0 
5.0 
 
(sd 0.0) 
2 FL 5.0 5.0 
3 TL 
2 
5.0 5.0 
4 FL 5.0 5.0 
Legging C 
1 TL 
1 
5.0 
5.0 
 
(sd 0.0) 
5.0 
5.0 
 
(sd 0.0) 
2 FL 5.0 5.0 
3 TL 
2 
5.0 5.0 
4 FL 5.0 5.0 
Pant A 
1 TL 
1 
5.0 
5.0 
 
(sd 0.0) 
5.0 
5.0 
 
(sd 0.0) 
2 FL 5.0 5.0 
3 TL 
2 
5.0 5.0 
4 FL 5.0 5.0 
Pant B 
1 TL 
1 
2.0 
1.7 
 
(sd 0.2) 
1.0 
1.0 
 
(sd 0.0) 
2 FL 1.8 1.0 
3 TL 
2 
1.5 1.0 
4 FL 1.5 1.0 
Polo A 
1 TL 
1 
5.0 
5.0 
 
(sd 0.0) 
4.0 
4.0 
 
(sd 0.0) 
2 FL 5.0 4.0 
3 TL 
2 
5.0 4.0 
4 FL 5.0 4.0 
Polo B 
1 TL 
1 
4.0 
4.0 
 
(sd 0.0) 
4.0 
4.0 
 
(sd 0.0) 
2 FL 4.0 4.0 
3 TL 
2 
4.0 4.0 
4 FL 4.0 4.0 
T-Shirt A 
1 TL 
1 
4.0 
4.5 
 
(sd 0.5) 
4.0 
4.0 
 
(sd 0.0) 
2 FL 4.0 4.0 
3 TL 
2 
5.0 4.0 
4 FL 5.0 4.0 
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Table 4.4 (continued) 
Standard Test Method for Pilling Resistance and Other Related Surface Changes of 
Textile Fabrics, ASTM D 3512-16: by Garment  
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
T-Shirt B 
1 TL 
1 
4.5 
4.3 
 
(sd 0.3) 
1.5 
1.6 
 
(sd 0.4) 
2 FL 4.5 2.0 
3 TL 
2 
4.0 1.0 
4 FL 4.0 2.0 
Windbreaker 
1 TL 
1 
5.0 
5.0 
 
(sd 0.0) 
5.0 
5.0 
 
(sd 0.0) 
2 FL 5.0 5.0 
3 TL 
2 
5.0 5.0 
4 FL 5.0 5.0 
 
Figure 4.8 shows the pilling ratings for each load.  After 5 washes, the pilling 
rating of each load was 4.2 (see Figure 4.8).  After 20 washes, the pilling rating of each 
load was 3.6.  One-way ANOVA found that pilling ratings between loads after 5 and 20 
washes were not significantly different (p=0.999). 
 
Figure 4.8. Standard Test Method for Pilling Resistance and Other Related Surface 
Changes of Textile Fabrics: ASTM D 3512-16: by Load  
Overall, the pilling rating for garments washed in the top load washer was the 
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in pilling ratings between washers were not significant after 5 washes (p=0.975) or 20 
washes (p=0.887). 
 After 5 washes, garments washed in Detergent #2 displayed less pilling than those 
washed in Detergent #1.  The opposite was true after 20 washes.  However, one-way 
ANOVA confirmed that differences in pilling ratings between detergents were not 
significant after 5 washes (p=0.876) or 20 washes (p=0.962). 
Functional evaluation. 
The functional features of the garments were evaluated initially, and after one, 
five, ten, fifteen and twenty laundry cycles to determine whether the garments retained 
their original performance functions after repeated home laundering.  Tests to measure 
functional performance included horizontal wicking of textiles, water repellency- spray 
test, water resistance- impact penetration, water resistance- hydrostatic pressure, 
absorbency of textiles, aqueous liquid repellency and air permeability.  In this chapter, 
summary data from wash 5 and wash 20 are presented and discussed.  Individual data is 
presented in Appendix B. 
Horizontal wicking.  Horizontal wicking was evaluated initially, and after one, 
five, ten, fifteen and twenty laundering cycles according to the AATCC Test Method 
198-2013, Horizontal Wicking of Textiles.  This test method is used to evaluate a 
horizontally aligned fabric’s ability to transport moisture along or through its structure.  
The face and back side of each garment was tested.  The test specimen was placed in an 
embroidery hoop so that the fabric inside the hoop was taut and free of wrinkles.  The 
hoop was placed on top of a large glass crock.  A template with a circle measuring 
100mm in diameter was centered on top of the fabric inside the hoop.  Using an 
electronic pipette, 10.0 mL of distilled water was placed on the fabric in the center of the 
template.  The time required for the water to wick 100 mm ± 3 mm to the inner edge of 
the template was recorded to the nearest second.  The distance the liquid had spread in 
the length and width direction was also recorded.  If the water failed to reach the 100 mm 
± 3 mm circle in 5 ± 0.1 minutes or less, the test was terminated, and the current distance 
and time was recorded. The horizontal wicking rate was calculated using the following 
formula: 
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W = π(1/4)(d1)(d2)/t 
where: 
W = wicking rate, mm2/s 
d1= wicking distance in length direction, mm and d2 = wicking distance in 
width direction, mm 
t = wicking time, s 
 All garments were evaluated, and the wicking rate for each can be reviewed in 
Tables B5 and B6 of Appendix B.  Summary data from wash 5 and 20 is presented in 
Figures 4.9-4.12 and Tables 4.5-4.8.   
 
Figure 4.9. Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Garment 
(Face Side) 
The wicking rate for the face side of T-Shirt A was 293.90 after 5 washes and 
174.18 after 20 washes (see Table 4.5).  Overall, T-Shirt A was the garment with the 
highest wicking rate.  The wicking rate for the face side of Legging C was 5.53 after 5 
washes and 6.13 after 20 washes.  Legging C was the garment with the lowest wicking 
rate.  The wicking rates of the face sides of the Hoodie, Legging A, Legging C and T-
Shirt B increased between 5 and 20 washes, while the wicking rates of the face sides of 
Legging B, Polo A, Polo B and T-Shirt A decreased between 5 and 20 washes.  
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Table 4.5 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Garment (Face Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
9.44 
18.28 
 
(sd 7.39) 
26.01 
35.83 
 
(sd 20.72) 
2 FL 15.33 11.24 
3 TL 
2 
18.64 38.46 
4 FL 29.73 67.60 
Legging A 
1 TL 
1 
14.37 
14.59 
 
(sd 1.09) 
18.91 
16.12 
 
(sd 1.77) 
2 FL 13.97 16.06 
3 TL 
2 
16.42 15.49 
4 FL 13.59 14.04 
Legging B 
1 TL 
1 
7.88 
27.41 
 
(sd 21.62) 
15.16 
21.94 
 
(sd 12.15) 
2 FL 19.03 10.51 
3 TL 
2 
64.04 19.91 
4 FL 18.69 42.19 
Legging C 
1 TL 
1 
2.93 
5.53 
 
(sd 3.47) 
4.12 
6.13 
 
(sd 3.20) 
2 FL 1.86 1.94 
3 TL 
2 
6.64 8.97 
4 FL 10.69 9.49 
Pant A 
1 TL 
1 
- 
- 
- 
- 
2 FL - - 
3 TL 
2 
- - 
4 FL - - 
Pant B 
1 TL 
1 
- 
- 
- 
- 
2 FL - - 
3 TL 
2 
- - 
4 FL - - 
Polo A 
1 TL 
1 
41.12 
36.83 
 
(sd 3.29) 
21.28 
23.42 
 
(sd 2.74) 
2 FL 35.31 25.00 
3 TL 
2 
32.39 20.32 
4 FL 38.50 27.09 
Polo B 
1 TL 
1 
196.30 
212.32 
 
(sd 46.71) 
170.80 
143.21 
 
(sd 74.91) 
2 FL 143.21 14.57 
3 TL 
2 
248.80 197.49 
4 FL 260.96 189.99 
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Table 4.5 (continued) 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Garment (Face Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
T-Shirt A 
1 TL 
1 
316.32 
293.90 
 
(sd 
34.68) 
252.19 
174.18 
 
(sd 
59.11) 
2 FL 326.92 86.12 
3 TL 
2 
237.18 185.73 
4 FL 295.19 172.69 
T-Shirt B 
1 TL 
1 
8.52 
8.28 
 
(sd 1.04) 
8.90 
8.32 
 
(sd 3.08) 
2 FL 6.82 4.20 
3 TL 
2 
9.73 7.43 
4 FL 8.06 12.77 
Windbreaker 
1 TL 
1 
- 
- 
- 
- 
2 FL - - 
3 TL 
2 
- - 
4 FL - - 
*Note: Values displayed as a dash indicate that the water pooled, and did not wick. 
Figure 4.10 displays the wicking rate for the face side of garments in each load.  
After 5 and 20 washes, the wicking rates for the face side of garments in Load 4 were 
61.4 and 48.7.  Load 4 had the highest wicking rates across loads.  After 5 and 20 washes, 
the wicking rates for the face side of garments in Load 2 were 51.1 and 15.4.  Load 2 had 
the lowest wicking rates across loads (see Figure 4.10).  Results of one-way ANOVA 
indicated that the difference in face-side wicking rates between loads was not significant 
after 5 washes (p=0.998) or 20 washes (p=0.999).  This is due to the standard deviation of 
the sample (see Table 4.6). 
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Figure 4.10. Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Load 
(Face Side) 
 
Table 4.6 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Load (Face Side) 
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1 TL 
1 
54.3 104.1 
101.666 0.996 
47.0 83.8 
66.661 0.607 
2 FL 51.1 100.4 15.4 24.8 
3 TL 
2 
57.6 93.6 44.9 73.5 
4 FL 61.4 108.1 48.7 68.8 
 
Overall, garments washed in Detergent #2 had a higher wicking rate, than those 
washed in Detergent #1.  However, one-way ANOVA showed that the difference in face-
side wicking rates between detergents was not significant after 5 washes (p=0.821) or 20 
washes (p=0.439). 
After 5 washes, garments washed in a front load washer had a higher wicking rate 
than those washed in a top load washer.  However, after 20 washes those washed in a top 
load washer had a higher wicking rate than those washed in a front load washer.  A one-
way ANOVA found that the difference in face-side wicking rates between washers was 
not significant after 5 washes (p=0.991) or 20 washes (p=0.490). 
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Figure 4.11. Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by 
Garment (Back Side) 
The wicking rate for the back side of T-Shirt A was 248.55 after 5 washes and 
163.01 after 20 washes (see Table 4.6).  Overall, T-Shirt A had the highest wicking rate.  
The wicking rate for the back side of T-Shirt B was 7.00 after 5 washes.  T-Shirt B had 
the lowest wicking rate after 5 washes.  The wicking rate for the back side of T-Shirt B 
was 8.41 after 20 washes.  The wicking rates of the back sides of Polo A and T-Shirt B 
increased between 5 and 20 washes, while the wicking rates of the back sides of the 
Hoodie, Legging A, Legging B, Legging C, Pant A, Polo B and T-Shirt A decreased. 
Table 4.7 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Garment (Back Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
- 
1.08 
 
(sd 1.88) 
- 
- 
2 FL - - 
3 TL 
2 
- - 
4 FL 4.34 - 
Legging A 
1 TL 
1 
12.03 
16.17 
 
(sd 3.18) 
21.75 
16.21 
 
(sd 4.39) 
2 FL 14.60 9.51 
3 TL 
2 
17.47 16.13 
4 FL 20.56 17.47 
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Table 4.7 (continued) 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Garment (Back Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Legging B 
1 TL 
1 
8.15 
37.00 
 
(sd 28.74) 
27.82 
36.97 
 
(sd 28.92) 
2 FL 12.26 9.93 
3 TL 
2 
49.26 24.45 
4 FL 78.33 85.69 
Legging C 
1 TL 
1 
15.70 
18.72 
 
(sd 15.06) 
12.19 
9.55 
 
(sd 4.12) 
2 FL 6.34 2.42 
3 TL 
2 
8.72 11.68 
4 FL 44.11 11.89 
Pant A 
1 TL 
1 
30.00 
52.93 
 
(sd 42.63) 
- 
16.24 
 
(sd 16.56) 
2 FL 8.08 1 
3 TL 
2 
121.72 26 
4 FL 51.93 38 
Pant B 
1 TL 
1 
- 
- 
- 
- 
2 FL - - 
3 TL 
2 
- - 
4 FL - - 
Polo A 
1 TL 
1 
8.79 
7.63 
 
(sd 1.04) 
10.08 
11.89 
 
(sd 1.25) 
2 FL 8.30 13.22 
3 TL 
2 
6.04 11.41 
4 FL 7.41 12.86 
Polo B 
1 TL 
1 
234.34 
234.25 
 
(sd 41.95) 
178.14 
157.17 
 
(sd 89.43) 
2 FL 166.07 6.85 
3 TL 
2 
274.32 204.71 
4 FL 262.28 238.98 
T-Shirt A 
1 TL 
1 
307.28 
248.55 
 
(sd 36.85) 
201.79 
163.01 
 
(sd 71.46) 
2 FL 230.59 39.34 
3 TL 
2 
248.52 201.70 
4 FL 207.82 209.20 
T-Shirt B 
1 TL 
1 
8.36 
7.00 
 
(sd 1.29) 
7.91 
8.41 
 
(sd 3.51) 
2 FL 5.54 3.56 
3 TL 
2 
8.20 8.72 
4 FL 5.89 13.46 
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Table 4.7 (continued) 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Garment (Back Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Windbreaker 
1 TL 
1 
- 
- 
- 
- 
2 FL - - 
3 TL 
2 
- - 
4 FL - - 
*Note: Values displayed as a dash indicate that the water pooled, and did not wick. 
Figure 4.12 displays the wicking rate for the back side of garments in each load.  
After 5 washes, the wicking rate for the back side of garments in Load 3 was 66.8, which 
was the highest across loads after 5 washes.  After 20 washes, the wicking rate for the 
back side of garments in Load 4 was 57.1, which was the highest across loads after 20 
washes.  After 5 and 20 washes, the wicking rates for Load 2 were 41.1 and 7.46, 
respectively.  Load 2 had the lowest wicking rates for the back side of garments across 
loads after 5 and 20 washes.  Results of one-way ANOVA indicated that the difference in 
back-side wicking rates between loads was not significant after 5 washes (p=0.929) or 20 
washes (p=0.388).  This is due to the standard deviation of the sample (see Table 4.8). 
 
 
Figure 4.12. Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Load 
(Back Side) 
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Table 4.8 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013: by Load (Back Side) 
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1 TL 
1 
56.8 107.4 
95.497 0.929 
41.8 74.0 
69.293 0.388 
2 FL 41.1 79.2 7.8 11.5 
3 TL 
2 
66.8 102.8 45.9 78.3 
4 FL 62.1 90.0 57.1 86.4 
 
Overall, the wicking rate for the back side of garments washed in Detergent #2 
was greater than the wicking rate for the back side of those washed in Detergent #1.  
One-way ANOVA indicated that the difference in back-side wicking rates between 
detergents was not significant after 5 washes (p=0.585) or 20 washes (p=0.205). 
Overall, the wicking rate for the back side of garments washed in a top load 
washer was greater than the wicking rate for the back side of those washed in a front load 
washer.  One-way ANOVA confirmed that the difference in back-side wicking rates 
between washers was not significant after 5 washes (p=0.719) or 20 washes (p=0.591). 
Water repellency: spray test.  Water repellency was evaluated initially, and after 
one, five, ten, fifteen and twenty laundering cycles according to the AATCC Test Method 
22-2014, Water Repellency: Spray Test.  This test method measures the resistance of 
fabrics to wetting by water.  It is especially useful for measuring the water repellency of 
finishes that have been applied to fabrics.  Only products that claimed to have water 
repellent properties were tested for water repellency.  The test specimen was placed in an 
embroidery hoop so that the fabric inside the hoop was taut and free of wrinkles.  The 
hoop was placed on the stand of a James H. Heal & Co. Ltd. Spray Rating Tester at a 45° 
angle so that the center of fabric inside the hoop coincided with the center of the spray 
pattern.  250 mL of room temperature, deionized water was poured through the funnel so 
that it sprayed onto the face-side of the fabric inside the hoop for 25-30 seconds.  The 
hoop was removed from the apparatus, tapped once, rotated 180° and tapped on the other 
end prior to evaluation.  Specimens received a grade, ranging from 0 to 100, based on 
comparison of the wetting pattern to those on the spray test rating chart.   The 
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descriptions that correspond to the photographic standards are as follows: 100 (no 
sticking or wetting of the specimen face), 90 (slight random sticking or wetting of the 
specimen face), 80 (wetting of the specimen face at spray points), 70 (partial wetting of 
the specimen face beyond the spray points), 50 (complete wetting of the entire specimen 
face beyond the spray points) and 0 (complete wetting of the entire face of the specimen).  
Intermediate ratings can be used for ratings of 50 or higher (95, 85, 75, 60).  Garments 
with water repellent claims were evaluated, and the spray test rating for each can be 
reviewed in Table B7 of Appendix B.  Summary data from wash 5 and 20 are presented 
in Figures 4.13-4.14 and Tables 4.9-4.10.   
 
Figure 4.13. Water Repellency: Spray Test, AATCC Test Method 22-2014: by Garment 
After 5 washes, the spray test rating for the Windbreaker was 90.8 (see Table 4.7).  
After 20 washes, the Windbreaker’s spray test rating declined to 86.3, but still remained 
the highest for each garment type.  The spray test rating for the Hoodie was 12.5 after 5 
washes.  However, the Hoodie’s spray test rating increased to 15.8 after 20 washes.  After 
5 washes, the Hoodie in Load 2 was the only garment that received a spray test rating 
above 0.  This remained constant through 20 washes.  Overall, the Hoodie had the lowest 
spray test ratings out of the garments tested.  The spray test rating for Pant A was 80.0 
after 5 washes and 72.7 after 20 washes.  The spray test rating for Pant B was 70.4 after 5 
washes and 60.6 after 20 washes.  One-way ANOVA on Wash 20 results indicated that 
the spray test ratings between garment types were significantly different (p=0.000). 
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Table 4.9 
Water Repellency: Spray Test, AATCC Test Method 22-2014: by Garment 
Garment Load Washer Detergent Wash 5 Wash 5 Avg. Wash 20 Wash 20 Avg. 
Hoodie 
1 TL 
1 
0.0 
12.5 
 
(sd 21.7) 
0.0 
15.8 
 
(sd 27.4) 
2 FL 50.0 63.3 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Pant A 
1 TL 
1 
90.0 
80.0 
 
(sd 5.9) 
83.3 
72.7 
 
(sd 8.1) 
2 FL 78.3 77.5 
3 TL 
2 
76.7 63.3 
4 FL 75.0 66.7 
Pant B 
1 TL 
1 
75.0 
70.4 
 
(sd 3.0) 
65.0 
60.6 
 
(sd 6.7) 
2 FL 70.0 67.5 
3 TL 
2 
66.7 50.0 
4 FL 70.0 60.0 
Windbreaker 
1 TL 
1 
90.0 
90.8 
 
(sd 1.0) 
87.5 
86.3 
 
(sd 0.9) 
2 FL 90.0 85.8 
3 TL 
2 
92.5 85.0 
4 FL 90.8 86.7 
 
Figure 4.14 displays the spray test results across loads after 5 and 20 washes.  The 
spray test rating for Load 2 was 72.1 after 5 washes and 73.5 after 20 washes (see Figure 
4.14).  Load 2, which was washed in a front load washer with Detergent #1, had the 
highest spray test ratings after 5 and 20 washes.  Load 2 was the only load in which the 
spray test ratings increased after repeated laundering.  The spray test rating for Load 3 
was 59.0 after 5 washes and 49.6 after 20 washes.  Load 3, which was washed in a top 
load washer with Detergent #2, had the lowest spray test ratings after 5 and 20 washes.  
One-way ANOVA showed that after 20 washes, the difference in spray test ratings across 
loads was not significant (p=0.756).  This was due to the standard deviation in the sample 
(see Table 4.10). 
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Figure 4.14. Water Repellency: Spray Test, AATCC Test Method 22-2014: by Load 
 
Table 4.10 
Water Repellency: Spray Test, AATCC Test Method 22-2014: by Load 
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36.818 0.951 
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33.303 0.756 
2 FL 72.1 16.9 73.5 10.1 
3 TL 
2 
59.0 40.7 49.6 36.1 
4 FL 59.0 40.3 53.3 37.3 
 
Overall, the spray test ratings of garments washed in a front load washer with 
Detergent #1 were higher than the spray test ratings of garments washed in a top load 
washer with Detergent #2.  One-way ANOVA indicated that the difference in spray test 
ratings between washers was not significant after 5 washes (p=0.813) or 20 washes 
(p=0.575).  The spray test ratings between detergents was also not significantly different 
after 5 washes (p=0.609) or 20 washes (p=0.361). 
Water resistance: impact penetration.  Water resistance: impact penetration was 
evaluated initially, and after one, five, ten, fifteen and twenty laundering cycles according 
to the AATCC Test Method 42-2013, Water Resistance: Impact Penetration. This test 
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measures the resistance of fabrics to the penetration of water by impact.  Only products 
that claimed to have water resistant or water repellent properties were tested for water 
resistance.  The instrument used was an Impact Penetration Tester #8726.  One end of the 
test specimen was clamped under the 152 mm spring clamp at the top of the incline stand.  
The other end of the test specimen was clamped at the bottom of the incline stand so that 
the specimen was smooth and free of wrinkles.  A piece of standard blotter paper 152 x 
230 mm was weighed to the nearest 0.1 g and placed beneath the test specimen.  500 ± 10 
mL of room temperature, deionized water was poured through the funnel and allowed to 
spray on the face-side of the test specimen.  The blotter paper was removed from 
underneath the test specimen and weighed to the nearest 0.1 g.  This procedure was 
repeated for three times for each garment.  The three results were averaged for an overall 
value.  Garments with water resistant claims were evaluated, and the impact penetration 
rating for each can be reviewed in Table B8 of Appendix B.  Summary data from wash 5 
and 20 is presented in Figures 4.15-4.16 and Tables 4.11-4.12.   
 
Figure 4.15. Water Resistance: Impact Penetration, AATCC Test Method 42-2013: by 
Garment 
The impact penetration results show that water resistance decreased between 5 
and 20 wash cycles (see Table 4.8).  After 5 washes, the weight of the blotter paper under 
the Hoodie was 21.9 g.  The weight of the blotter paper under the Hoodie increased to 
0.00
5.00
10.00
15.00
20.00
25.00
30.00
In
cr
ea
se
	in
	B
lo
tt
er
	P
ap
er
	(
g)
Wash	5 Wash	20
Water	Resistance:	Impact	Penetration,	AATCC	Test	
Method	42‐2013:	by	Garment
Load	1
Load	2
Load	3
Load	4
 
65 
 
23.2 g after 20 washes.  The weight of the blotter paper under Pant A was 0.1 g after five 
washes and 0.2 g after 20 washes.  The weight of the blotter paper under Pant B was 0.0 g 
after five washes and 0.6 g after 20 washes.  The blotter paper under the Windbreaker 
increased from 0.1 g to 0.6 g between 5 and 20 washes.  Overall, Pant A exhibited the 
highest levels of water resistance, while the Hoodie displayed the lowest levels of water 
resistance.  One-way ANOVA found that there was a significant difference between 
water resistance ratings of each garment (p=0.000). 
Table 4.11 
Water Resistance: Impact Penetration, AATCC Test Method 42-2013: by Garment 
Garment Load Washer Detergent Wash 5 Wash 5 Avg. Wash 20 Wash 20 Avg. 
Hoodie 
1 TL 
1 
20.6 21.9 
 
(sd 1.6) 
 
21.9 
23.2 
 
(sd 2.0) 
2 FL 22.8 20.8 
3 TL 
2 
20.1 24.0 
4 FL 24.1 26.1 
Pant A 
1 TL 
1 
0.0 
0.1 
 
(sd 0.0) 
0.0 
0.2 
 
(sd 0.2) 
2 FL 0.0 0.0 
3 TL 
2 
0.1 0.1 
4 FL 0.1 0.5 
Pant B 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.6 
 
(sd 1.1) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 2.5 
Windbreaker 
1 TL 
1 
0.1 
0.1 
 
(sd 0.1) 
0.1 
0.6 
 
(sd 0.6) 
2 FL 0.0 0.0 
3 TL 
2 
0.2 1.3 
4 FL 0.2 1.1 
 
After 5 washes, the increase in blotter paper for the garments in Load 3 was 5.1 g 
(see Figure 4.16).  After 20 washes, the increase in blotter paper for the garments in Load 
2 was 5.2 g.  Therefore, Load 3 displayed the highest water resistance after 5 washes, and 
Load 2 exhibited the highest water resistance after 20 washes.  The increase in blotter 
paper for the garments in Load 4 was 6.1 g after 5 washes and 7.6 g after 20 washes.  
Load 4 displayed the lowest water resistance after 5 and 20 washes.  One-way ANOVA 
indicated that the water resistance of each load was not significantly different after 5 
washes (p=0.999), or 20 washes (p=0.991) (see Table 4.12).   
 
66 
 
 
Figure 4.16. Water Resistance: Impact Penetration, AATCC Test Method 42-2013: by 
Load 
 
Table 4.12 
Water Resistance: Impact Penetration, AATCC Test Method 42-2013: by Load 
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Overall, the water resistance for garments washed in a top load washer with 
Detergent #1 was greater than water resistance for garments washed in a front load 
washer with Detergent #2.  One-way ANOVA confirmed that the water resistance was 
not significantly different between washers after 5 washes (p=0.881) and 20 washes 
(p=0.593) or between detergents after 5 washes (p=0.978) and 20 washes (p=0.767). 
Water resistance: hydrostatic pressure.  Water resistance: hydrostatic pressure 
was evaluated initially, and after one, five, ten, fifteen and twenty laundering cycles 
according to the AATCC Test Method 127-2014, Water Resistance: Hydrostatic 
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Pressure Test.  This test method measures the resistance of a fabric to the penetration of 
water under hydrostatic pressure.  Only products that claimed to have water repellent 
properties were tested for water resistance.  The instrument used was a Textest 
Instruments FX 3000 Hydrostatic Head Tester with a gradient of 60 mbar/min selected.  
The test specimen was clamped face-side down on the apparatus.  Once the start button 
was pressed, the researcher observed the fabric and recorded the time it took for three 
water droplets to penetrate the fabric in three different places (water droplets that appear 
within 3 mm of the clamping ring were disregarded).  Garments with water resistant 
claims were evaluated, and the hydrostatic pressure rating for each can be reviewed in 
Table B9 of Appendix B.  Summary data from wash 5 and wash 20 are presented in 
Figures 4.17-4.18 and Tables 4.13-4.14.   
 
Figure 4.17. Water Resistance: Hydrostatic Pressure, AATCC Test Method 127-2014: by 
Garment 
Overall, Pant A consistently exhibited the highest levels of water resistance after 
5 and 20 washes (see Table 4.9).  The hydrostatic pressure for Pant A was 28.88 cm after 
5 washes and 24.18 cm after 20 washes.  The Windbreaker had the next highest level of 
water resistance.  The hydrostatic pressure for the Windbreaker was 26.24 cm after 5 
washes and 18.40 cm after 20 washes.  The hydrostatic pressure for Pant B was 12.60 cm 
after 5 washes and 10.94 cm after 20 washes.  The hydrostatic pressure for the Hoodie 
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was 3.12 cm after 5 washes and 2.61 cm after 20 washes. The Hoodie displayed the 
lowest levels of water resistance.  One-way ANOVA found that differences in hydrostatic 
pressure between garment types were significant after 5 and 20 washes (p=0.000).   
Table 4.13 
Water Resistance: Hydrostatic Pressure, AATCC Test Method 127-2014: by Garment 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
6.12 
3.12 
 
(sd 2.52) 
3.06 
2.61 
 
(sd 1.86) 
2 FL 5.02 5.19 
3 TL 
2 
0.00 0.00 
4 FL 1.36 2.21 
Pant A 
1 TL 
1 
31.45 
28.88 
 
(sd 6.39) 
25.84 
24.18 
 
(sd 3.51) 
2 FL 38.00 28.65 
3 TL 
2 
24.65 19.13 
4 FL 21.42 23.12 
Pant B 
1 TL 
1 
13.52 
12.60 
 
(sd 1.24) 
11.14 
10.94 
 
(sd 1.68) 
2 FL 14.11 13.52 
3 TL 
2 
11.22 10.20 
4 FL 11.56 8.93 
Windbreaker 
1 TL 
1 
30.09 
26.24 
 
(sd 9.35) 
20.40 
18.40 
 
(sd 4.47) 
2 FL 39.10 23.46 
3 TL 
2 
14.03 11.31 
4 FL 21.76 18.45 
 
Figure 4.18 presents the hydrostatic pressure for each load after 5 and 20 washes.  
After 5 and 20 washes, the hydrostatic pressure ratings for Load 2 were 24.06 cm and 
17.70 cm.  Load 2 had the highest hydrostatic pressure across loads after 5 and 20 
washes.  After 5 and 20 washes, the hydrostatic pressure ratings for Load 3 were 12.47 
cm and 10.16 cm.  Load 3 had the lowest hydrostatic pressure across loads after 5 and 20 
washes.  One-way ANOVA indicated that the differences in hydrostatic pressure between 
loads after 5 washes (p=0.556) and 20 washes (p=0.722) were not significant (see Table 
4.14). 
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Figure 4.18. Water Resistance: Hydrostatic Pressure, AATCC Test Method 127-2014: by 
Load 
 
Table 4.14 
Water Resistance: Hydrostatic Pressure, AATCC Test Method 127-2014: by Load 
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The hydrostatic pressure of garments washed in the front load washer was 19.04 
cm after 5 washes and 15.44 cm after 20 washes.  Overall, the hydrostatic pressure of 
garments washed in the front load washer was consistently higher than the hydrostatic 
pressure of garments washed in a top load washer.  However, one-way ANOVA 
indicated that the differences in hydrostatic pressure between washers were not 
significant after 5 washes (p=0.682) or 20 washes (p=0.549). 
The hydrostatic pressure of garments washed in Detergent #1 was 22.17 cm after 
5 washes and 16.41 cm after 20 washes.  Overall, the hydrostatic pressure of garments 
washed in Detergent #1 was consistently higher than the hydrostatic pressure of garments 
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washed in Detergent #2.  However, one-way ANOVA found that the differences in 
hydrostatic pressure between detergents were not significant after 5 washes (p=0.155) or 
20 washes (p=0.306). 
Absorbency of textiles.  Absorbency was evaluated initially, and after one, five, 
ten, fifteen and twenty laundering cycles according to the AATCC Test Method 79-2014, 
Absorbency of Textiles.  This test method assesses the water resistance and repellency of 
textile finish applications.  This test method was performed on all garments, because they 
all claim to have moisture management properties.  Each specimen was secured in an 
embroidery hoop to ensure a smooth surface.  Using an eye dropper, five drops of room 
temperature, deionized water were placed on the fabric held within the hoop.  The time 
required for a drop of water to lose light reflection and change to a matte, wet spot was 
recorded.  This process was repeated on the face and back of the fabric.  All garments 
were evaluated, and the absorbency rating for each can be reviewed in Tables B10 and 
B11 of Appendix B.  Summary data for wash 5 and wash 20 is presented in Figures 4.19-
4.22 and Tables 4.15-4.18.   
 
Figure 4.19. Absorbency of Textiles, AATCC Test Method 79-2014: by Garment (Face 
Side) 
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After 5 washes, the absorbency time for the face side of both Polo B and T-Shirt 
A was 0 seconds (see Table 4.10).  Overall, Polo B and T-Shirt A had the shortest 
absorbency time after 5 washes.  After 20 washes, the absorbency time for the face side 
of Legging A was 0 seconds.  Legging A had the shortest absorbency time after 20 
washes.  Pant A, Pant B and the Windbreaker were the least absorbent garments after 5 
and 20 washes.  They failed to absorb the water droplets within 60 seconds, so the test 
was terminated, and a value of 60+ was recorded.  One-way ANOVA established that the 
difference in absorbency times for the face side of each garment were significantly 
different (p=0.000) 
Table 4.15 
Absorbency of Textiles, AATCC Test Method 79-2014: by Garment (Face Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
42 
18 
 
(sd 16) 
6 
14 
 
(sd 21) 
2 FL 24 49 
3 TL 
2 
6 0 
4 FL 0 0 
Legging A 
1 TL 
1 
3 
2 
 
(sd 1) 
0 
0 
 
(sd 1) 
2 FL 2 1 
3 TL 
2 
1 0 
4 FL 0 0 
Legging B 
1 TL 
1 
26 
8 
 
(sd 11) 
11 
17 
 
(sd 24) 
2 FL 5 58 
3 TL 
2 
0 0 
4 FL 0 0 
Legging C 
1 TL 
1 
22 
11 
 
(sd 8) 
12 
17 
 
(sd 21) 
2 FL 14 53 
3 TL 
2 
7 3 
4 FL 1 0 
Pant A 
1 TL 
1 
60+ 
60+ 
 
(sd 0) 
60+ 
60+ 
 
(sd 0) 
2 FL 60+ 60+ 
3 TL 
2 
60+ 60+ 
4 FL 60+ 60+ 
Pant B 
1 TL 
1 
60+ 
60+ 
 
(sd 0) 
60+ 
60+ 
 
(sd 0) 
2 FL 60+ 60+ 
3 TL 
2 
60+ 60+ 
4 FL 60+ 60+ 
Polo A 
1 TL 
1 
18 
16 
 
(sd 8) 
3 
1 
 
(sd 1) 
2 FL 27 2 
3 TL 
2 
15 0 
4 FL 6 0 
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Table 4.15 (continued) 
Absorbency of Textiles, AATCC Test Method 79-2014: by Garment (Face Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Polo B 
1 TL 
1 
0 
0 
 
(sd 0) 
3 
16 
 
(sd 26) 
2 FL 0 60+ 
3 TL 
2 
0 1 
4 FL 0 0 
T-Shirt A 
1 TL 
1 
0 
0 
 
(sd 0) 
0 
1 
 
(sd 2) 
2 FL 0 5 
3 TL 
2 
0 0 
4 FL 0 0 
T-Shirt B 
1 TL 
1 
59 
34 
 
(sd 24) 
30 
24 
 
(sd 23) 
2 FL 57 59 
3 TL 
2 
11 6 
4 FL 8 2 
Windbreaker 
1 TL 
1 
60+ 
60+ 
 
(sd 0) 
60+ 
60+ 
 
(sd 0) 
2 FL 60+ 60+ 
3 TL 
2 
60+ 60+ 
4 FL 60+ 60+ 
 
After 5 and 20 washes, the absorbency times for the face side of garments in Load 
4 were 18 seconds and 17 seconds respectively (see Figure 4.20).  Load 4, which was 
washed in a front load washer with Detergent #2 had the shortest absorbency time across 
loads.  This indicates that, for the face side of the fabric, Load 4 had the highest level of 
absorbency.  After 5 washes, the absorbency time for the face side of garments washed in 
Load 1 was 32 seconds.  Load 1, which was washed in a top load washer with Detergent 
#1, had the longest absorbency time after 5 washes.  After 20 washes, the absorbency 
time for the face side of garments washed in Load 2 was 43 seconds.  Load 2, which was 
washed in a front load washer with Detergent #1, had the longest absorbency time after 
20 washes.  Therefore, Loads 1 and 2 were consistently the least absorbent loads.  On the 
face side of the fabric, there was no significant difference in absorbency between loads 
after 5 washes (p=0.556) and 20 washes (p=0.093).  This was due to the standard 
deviation in the sample (see Table 4.16). 
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Figure 4.20. Absorbency of Textiles, AATCC Test Method 79-2014: by Load (Face 
Side) 
 
Table 4.16  
Absorbency of Textiles, AATCC Test Method 79-2014: by Load (Face Side) 
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2 FL 28 26.28 43 25.62 
3 TL 
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20 26.13 17 27.55 
4 FL 18 27.27 17 27.89 
 
The absorbency time for the face side of garments washed in Detergent #1 was 32 
seconds, while the absorbency time for the face side of garments washed in Detergent #2 
was 17 seconds.  One-way ANOVA confirmed that although the face side of garments 
washed in Detergent #2 were more absorbent, there was no significant difference in 
absorbency times between the two detergents (p=0.065). 
 The absorbency time for the face side of garments washed in a top load washer 
was 19 seconds, while the absorbency time for the face side of garments washed in a 
front load washer was 30 seconds.  However, there was no significance difference in 
absorbency times between washers (p=0.246)  
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Figure 4.21. Absorbency of Textiles, AATCC Test Method 79-2014: by Garment (Back 
Side) 
After 5 washes, the absorbency time for the back side of both Polo B and T-Shirt 
A was 0 seconds (see Table 4.11).  Overall, Polo B and T-Shirt A had the shortest 
absorbency time after 5 washes.  After 20 washes, the absorbency time for the back side 
of Legging A was 0 seconds.  Legging A had the shortest absorbency time after 20 
washes.  Pant A, Pant B and the Windbreaker were the least absorbent garments after 5 
and 20 washes.  With the exception of Pant A after 5 washes, they failed to absorb the 
water droplets within 60 seconds, so the test was terminated and a value of 60+ was 
recorded.  One-way ANOVA indicated that the difference in absorbency times for the 
back side of each garment were significantly different (p=0.000) 
The absorbency times for the Hoodie, Legging A, Polo A and T-Shirt B decreased 
for both the face and back side between 5 and 20 washes, indicating that they became 
more absorbent with repeated home laundering.   
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Table 4.17 
Absorbency of Textiles, AATCC Test Method 79-2014: by Garment (Back Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
60+ 
45 
 
(sd 26) 
60+ 
32 
 
(sd 28) 
2 FL 60+ 60+ 
3 TL 
2 
60+ 0 
4 FL 0 7 
Legging A 
1 TL 
1 
3 
1 
 
(sd 1) 
0 
0 
 
(sd 0) 
2 FL 2 1 
3 TL 
2 
1 0 
4 FL 0 0 
Legging B 
1 TL 
1 
14 
5 
 
(sd 6) 
3 
11 
 
(sd 18) 
2 FL 7 43 
3 TL 
2 
0 0 
4 FL 0 0 
Legging C 
1 TL 
1 
12 
18 
 
(sd 22) 
10 
18 
 
(sd 25) 
2 FL 55 60+ 
3 TL 
2 
3 1 
4 FL 1 0 
Pant A 
1 TL 
1 
60+ 
54 
 
(sd 11) 
60+ 
60+ 
 
(sd 0) 
2 FL 60+ 60+ 
3 TL 
2 
60+ 60+ 
4 FL 34 60+ 
Pant B 
1 TL 
1 
60+ 
60+ 
 
(sd 0) 
60+ 
60+ 
 
(sd 0) 
2 FL 60+ 60+ 
3 TL 
2 
60+ 60+ 
4 FL 60+ 60+ 
Polo A 
1 TL 
1 
29 
18 
 
(sd 10) 
2 
2 
 
(sd 1) 
2 FL 25 2 
3 TL 
2 
8 1 
4 FL 8 1 
Polo B 
1 TL 
1 
0 
0 
 
(sd 0) 
2 
15 
 
(sd 25) 
2 FL 0 59 
3 TL 
2 
0 0 
4 FL 0 0 
T-Shirt A 
1 TL 
1 
0 
0 
 
(sd 0) 
0 
2 
 
(sd 4) 
2 FL 0 9 
3 TL 
2 
0 0 
4 FL 0 0 
T-Shirt B 
1 TL 
1 
60+ 
36 
 
(sd 23) 
37 
26 
 
(sd 23) 
2 FL 58 58 
3 TL 
2 
16 7 
4 FL 10 2 
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Table 4.17 (continued) 
Absorbency of Textiles, AATCC Test Method 79-2014: by Garment (Back Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Windbreaker 
1 TL 
1 
60+ 
60+ 
 
(sd 0) 
60+ 
60+ 
 
(sd 0) 
2 FL 60+ 60+ 
3 TL 
2 
60+ 60+ 
4 FL 60+ 60+ 
 
After 5 washes, the absorbency time of the back side of garments in Load 4 was 
16 seconds (see Figure 4.22).  Load 4, which was washed in a front load washer with 
Detergent #2, had the shortest absorbency time across loads after 5 washes.  After 20 
washes, the absorbency time of the back side of garments washed in Load 3 was 17 
seconds.  Load 3, which was washed in a top load washer with Detergent #2 had shortest 
absorbency time across loads after 20 washes.  This indicates that, for the back side of the 
fabric, Loads 3 and 4 were the most absorbent loads. After 5 and 20 washes, the 
absorbency times of the back side of Load 2 were 35 seconds and 43 seconds 
respectively.  Load 2, which was washed in a front load washer with Detergent #1 had the 
longest absorbency time across loads after 5 and 20 washes.  This indicates that, for the 
back side of the fabric, Load 2 was the least absorbent load. One-way ANOVA found 
that, for the back side of the fabric, there was no significant difference in absorbency 
times between loads after 5 washes (p=0.327) or 20 washes (p=0.108).  This was due to 
the standard deviation in the sample (see Table 4.18). 
 
Figure 4.22. Absorbency of Textiles, AATCC Test Method 79-2014: by Load (Back Side) 
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Table 4.18 
Absorbency of Textiles, AATCC Test Method 79-2014: by Load (Back Side) 
   Wash 5 Wash 20 
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1 TL 
1 
33 27.47 
26.891 0.327 
27 28.31 
27.276 0.108 
2 FL 35 28.04 43 25.63 
3 TL 
2 
24 27.77 17 27.56 
4 FL 16 24.10 17 27.54 
 
After 20 washes, the absorbency time for the back side of garments washed in 
Detergent #1 was 35 seconds, while the absorbency time for the back side of garments 
washed in Detergent #2 was 17 seconds.  One-way ANOVA revealed that the absorbency 
time for the back side of garments washed in Detergent #2 was significantly shorter than 
the absorbency time for the back side of garments washed in Detergent #1 (p=0.038). 
 After 20 washes, the absorbency time for the back side of garments washed in a 
top load washer was 22 seconds, while the absorbency time for the back side of garments 
washed in a front load washer was 30 seconds.  One-way ANOVA indicated that 
although the back side of garments washed in a top load washer had a shorter absorbency 
time, there was no significance difference in absorbency times between washers 
(p=0.351).  
Aqueous liquid repellency.  Resistance to wetting was evaluated initially, and 
after one, five, ten, fifteen and twenty laundering cycles according to the AATCC Test 
Method 193-2012, Aqueous Liquid Repellency.  This test method assesses a fabric’s 
resistance to wetting with a series of alcohol/water solutions of differing surface tensions.  
The solutions ranged from 1 (2% isopropyl alcohol solution [vol/vol]) to 8 (60% 
isopropyl alcohol solution [vol/vol]).  Each increase in test liquid resulted in a decrease in 
surface tension.  Specimens were laid horizontally on a flat surface with a piece of 
blotting paper underneath.  Three drops of the lowest-numbered test liquid were placed 
on each specimen and left undisturbed for 10 ± 2 seconds.  If two out of the three drops 
remained with a clear, well-rounded drop, without showing any signs of wicking or 
wetting, then the test liquid passed, and the process continued with the next test liquid.  If 
 
78 
 
any of the drops remained as a rounded drop with partial darkening, then the test liquid 
borderline passed, and the process continued.  The procedure continued until two of the 
three drops showed obvious wetting or wicking within 10 ± 2 seconds.  This process was 
repeated on the face and back of the fabric.  Specimens received a grade, ranging from 1 
to 8, based on the numerical value of the highest numbered test liquid that passed without 
showing signs of wicking or wetting.  If a specimen failed test liquid 1, a grade of 0 was 
assigned.  Specimens who borderline passed received a grade that is 0.5 less than the 
highest numbered test liquid that passed.  All garments were evaluated, and the 
repellency rating for each can be reviewed in Tables B12 and B13 of Appendix B.  
Summary data from wash 5 and 20 is presented in Figures 4.23-4.26 and Tables 4.19-
4.22.   
 
Figure 4.23. Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Garment 
(Face Side) 
 After 5 washes, the face side of Pant B had a repellency rating of 7.4 and after 20 
washes it had a repellency rating of 5.4 (see Table 4.12).  Overall, the face side of Pant B 
had the highest level of repellency.  After 5 washes, the face side of the Hoodie, Legging 
A, Legging B, Legging C, Polo A, Polo B and T-Shirt A had repellency ratings of 0.0, 
which indicates no repellency.  After 20 washes, Legging A, Legging B, Legging C, Polo 
A, Polo B, T-Shirt A and T-Shirt B had repellency ratings of 0.0.  The only garments that 
received positive ratings at both intervals were Pant A, Pant B and the Windbreaker, 
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which all claim to be water repellent.  One-way ANOVA for the face side of garments 
confirmed that the differences in repellency ratings were significantly different (p=0.000) 
Table 4.19 
Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Garment (Face Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.1 
 
(sd 0.2) 
2 FL 0.0 0.5 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Legging A 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Legging B 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Legging C 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Pant A 
1 TL 
1 
5.5 
4.8 
 
(sd 0.8) 
4.5 
3.3 
 
(sd 0.8) 
2 FL 5.5 3.5 
3 TL 
2 
4.5 2.5 
4 FL 3.5 2.5 
Pant B 
1 TL 
1 
7.5 
7.4 
 
(sd 0.2) 
5.5 
5.4 
 
(sd 0.5) 
2 FL 7.5 5.5 
3 TL 
2 
7.5 6.0 
4 FL 7.0 4.5 
Polo A 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Polo B 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
T-Shirt A 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
T-Shirt B 
1 TL 
1 
1.8 
1.2 
 
(sd 1.3) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 3.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
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Table 4.19 (continued) 
Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Garment (Face Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Windbreaker 
1 TL 
1 
4.5 
3.6 
 
(sd 0.9) 
2.5 
2.5 
 
(sd 0.4) 
2 FL 4.5 2.5 
3 TL 
2 
3.0 2.0 
4 FL 2.5 3.0 
 
After 5 washes, the repellency rating for the face side of garments in Load 2 was 
1.9 (see Figure 4.24).  Load 2, which was washed in a front load washer with Detergent 
#1, had the highest repellency rating across loads after 5 washes.  After 20 washes, the 
repellency rating for the face side of garments in Load 1 was 1.1.  Load 1, which was 
washed in a top load washer with Detergent #1, had the highest repellency rating across 
loads after 20 washes.  After 5 and 20 washes, the repellency rating for the face side of 
garments in Load 4 was 1.2 and 0.9, respectively.  Load 4, which was washed in a front 
load washer with Detergent #2, had the lowest repellency ratings across loads.  One-way 
ANOVA showed that the differences in repellency between loads were not significant 
after 5 washes (p=0.918) or 20 washes (p=0.991) (see Table 4.20).  
 
Figure 4.24. Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Load (Face 
Side) 
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Table 4.20 
Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Load (Face Side) 
   Wash 5 Wash 20 
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1 
1.8 2.8 
2.602 0.918 
1.1 2.1 
1.878 0.991 
2 FL 1.9 2.8 1.1 1.9 
3 TL 
2 
1.4 2.6 1.0 1.9 
4 FL 1.2 2.3 0.9 1.6 
 
Overall, Detergent #1 had higher repellency results for the face side of garments 
after 5 and 20 washes, but a one-way ANOVA found that these differences were not 
significant after 5 washes (p=0.490) or 20 washes (p=0.744).  Overall, the face side of 
garments washed in the top load washer had a higher mean rating, but a one-way 
ANOVA confirmed that these differences were also not significant after 5 washes 
(p=0.965) or 20 washes (p=0.935).  
 
Figure 4.25. Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Garment 
(Back Side) 
Overall, the back side of Pant B showed the highest level of repellency.  After 5 
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of these ratings were higher than those on the face side of the garment.  After 5 washes, 
the back side of Legging A, Legging B, Legging C, Pant A, Polo A, Polo B and T-Shirt A 
all received ratings of 0.0, which indicates no repellency.  After 20 washes, Legging A, 
Legging B, Legging C, Polo A, Polo B, T-Shirt A and T-Shirt B all received ratings of 
0.0.  The only garments that received positive ratings at both intervals were the Hoodie, 
Pant B and the Windbreaker, which all claim to be water repellent.  One-way ANOVA 
for the back side of garments confirmed that the differences in repellency ratings were 
significantly different (p=0.000) 
Table 4.21 
Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Garment (Back Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
4.0 
2.0 
 
(sd 1.8) 
3.0 
1.4 
 
(sd 1.4) 
2 FL 3.5 2.5 
3 TL 
2 
0.5 0.0 
4 FL 0.0 0.0 
Legging A 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Legging B 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Legging C 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Pant A 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
3.5 
1.3 
 
(sd 1.5) 
2 FL 0.0 1.8 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Pant B 
1 TL 
1 
7.8 
7.8 
 
(sd 0.2) 
8.0 
6.8 
 
(sd 1.5) 
2 FL 7.8 7.5 
3 TL 
2 
8.0 7.3 
4 FL 7.5 4.3 
Polo A 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
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Table 4.21 (continued) 
Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Garment (Back Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Polo B 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
T-Shirt A 
1 TL 
1 
0.0 
0.0 
 
(sd 0.0) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 0.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
T-Shirt B 
1 TL 
1 
2.8 
1.4 
 
(sd 1.4) 
0.0 
0.0 
 
(sd 0.0) 
2 FL 3.0 0.0 
3 TL 
2 
0.0 0.0 
4 FL 0.0 0.0 
Windbreaker 
1 TL 
1 
3.5 
3.0 
 
(sd 0.5) 
2.5 
2.3 
 
(sd 0.4) 
2 FL 3.5 2.5 
3 TL 
2 
2.5 2.5 
4 FL 2.5 1.5 
 
After 5 and 20 washes, Load 1 showed the best repellency with a mean of 1.6.  
After 5 and 20 washes, Load 4 showed the lowest levels of repellency, with ratings of 0.9 
and 0.5.  However, one-way ANOVA indicated that there was no significant difference 
between repellency ratings for the back side of garments across loads after 5 washes 
(p=0.845) or 20 washes (p=0.991) (see Table 4.22). 
 
Figure 4.26. Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Load 
(Back Side) 
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Table 4.22 
Aqueous Liquid Repellency, AATCC Test Method 193-2012: by Load (Back Side) 
  Wash 5 Wash 20 
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1 
1.6 2.6 
2.471 0.845 
1.5 2.6 
2.156 0.697 
2 FL 1.6 2.5 1.3 2.3 
3 TL 
2 
1.0 2.4 0.9 2.2 
4 FL 0.9 2.3 0.5 1.3 
 
Overall, Detergent #1 had higher repellency results after 5 and 20 washes, but a 
one-way ANOVA found that the differences were not significant after 5 washes 
(p=0.362) or 20 washes (p=0.267).  Overall, garments washed in the top load washer had 
a higher mean rating, but a one-way ANOVA found that the differences were not 
significant after 5 washes (p=0.939) or 20 washes (p=0.636). 
Air permeability.  Air permeability was evaluated initially, and after one, five, 
ten, fifteen and twenty laundering cycles according to the ASTM Test Method D737-
04(2012), Air Permeability of Textile Fabrics.  This test method measures the rate of air 
flow that can pass perpendicularly through a fabric, and can be used to determine the 
breathability of fabrics.  The instrument used was a Textest Instruments FX 3000 Air 
Permeability Tester III with a pressure set to 125 Pa.  All garments were evaluated, and 
the air permeability rating for each can be reviewed in Tables B14 and B15 of Appendix 
B.  Summary data from wash 5 and wash 20 are included in Figures 4.27-4.30 and Tables 
4.23-4.26.   
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Figure 4.27. Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by 
Garment (Face Side) 
 The air permeability rating for the face side of Polo B was 433.80 cfm after 5 
washes and 401.35 cfm after 20 washes (see Table 4.14).  Overall, the face side of Polo B 
exhibited the highest level of air permeability.  The air permeability rating for the face 
side of the Windbreaker was 0.92 cfm after 5 washes and 1.26 cfm after 20 washes.  
Overall, the face side of the Windbreaker had the lowest air permeability ratings.  The air 
permeability ratings of the face side of the majority of garments decreased after multiple 
washes, but the air permeability ratings of the face side Legging A, Pant A and the 
Windbreaker increased between wash 5 and wash 20. 
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Table 4.23 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by Garment 
(Face Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
153.90 
156.78 
 
(sd 5.49) 
154.00 
152.33 
 
(sd 7.13) 
2 FL 152.50 145.90 
3 TL 
2 
154.50 146.10 
4 FL 166.20 163.30 
Legging A 
1 TL 
1 
16.86 
16.21 
 
(sd 0.71) 
17.44 
17.41 
 
(sd 1.35) 
2 FL 16.71 19.57 
3 TL 
2 
15.05 16.65 
4 FL 16.22 15.99 
Legging B 
1 TL 
1 
17.96 
18.02 
 
(sd 0.32) 
18.52 
16.89 
 
(sd 1.45) 
2 FL 17.78 17.50 
3 TL 
2 
18.56 16.94 
4 FL 17.76 14.58 
Legging C 
1 TL 
1 
23.02 
23.73 
 
(sd 2.37) 
18.64 
18.51 
 
(sd 1.18) 
2 FL 20.50 19.68 
3 TL 
2 
27.08 19.14 
4 FL 24.32 16.56 
Pant A 
1 TL 
1 
0.42 
1.20 
 
(sd 0.69) 
0.57 
1.59 
 
(sd 0.92) 
2 FL 0.62 0.93 
3 TL 
2 
2.02 2.93 
4 FL 1.74 1.94 
Pant B 
1 TL 
1 
96.12 
94.28 
 
(sd 3.28) 
98.22 
91.26 
 
(sd 4.52) 
2 FL 89.04 90.00 
3 TL 
2 
97.76 85.64 
4 FL 94.20 91.18 
Polo A 
1 TL 
1 
125.60 
131.48 
 
(sd 6.92) 
120.80 
118.03 
 
(sd 3.47) 
2 FL 124.30 121.30 
3 TL 
2 
134.80 117.40 
4 FL 141.20 112.60 
Polo B 
1 TL 
1 
443.60 
433.80 
 
(sd 12.95) 
410.00 
401.35 
 
(sd 15.62) 
2 FL 419.90 399.80 
3 TL 
2 
422.20 376.90 
4 FL 449.50 418.70 
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Table 4.23 (continued) 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by Garment 
(Face Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
T-Shirt A 
1 TL 
1 
378.90 
384.85 
 
(sd 15.54) 
366.10 
358.45 
 
(sd 5.17) 
2 FL 372.80 351.70 
3 TL 
2 
376.20 356.90 
4 FL 411.50 359.10 
T-Shirt B 
1 TL 
1 
57.59 
63.83 
 
(sd 6.30) 
62.69 
61.00 
 
(sd 2.54) 
2 FL 62.44 64.02 
3 TL 
2 
60.99 59.79 
4 FL 74.31 57.48 
Windbreaker 
1 TL 
1 
0.91 
0.92 
 
(sd 0.04) 
1.28 
1.26 
 
(sd 0.16) 
2 FL 0.85 1.05 
3 TL 
2 
0.96 1.21 
4 FL 0.94 1.50 
 
After 5 washes, the air permeability rating for the face side of garments in Load 4 
was 127.1 cfm, and the air permeability rating for face side of garments in Load 2 was 
116.1 cfm (see Figure 4.28).  Load 4 had the highest air permeability rating and Load 2 
had the lowest air permeability rating after 5 washes.  After 20 washes, the air 
permeability rating for face side of garments in Load 1 was 115.3 cfm and the air 
permeability rating for face side of garments in Load 3 was 109.1.  Therefore, Load 1 had 
the highest air permeability rating and Load 3 had the lowest air permeability rating after 
20 washes. One-way ANOVA confirmed that there was no significant difference in air 
permeability ratings between loads after 5 washes (p=0.999) or 20 washes (p=1.000) (see 
Table 4.24). 
 
88 
 
 
Figure 4.28. Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by 
Load (Face Side) 
 
Table 4.24 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by Load (Face 
Side) 
   Wash 5 Wash 20 
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1 TL 
1 
119.5 153.7 
152.648 0.999 
115.3 144.5 
141.650 1.000 
2 FL 116.1 147.8 111.9 139.6 
3 TL 
2 
119.1 148.4 109.1 136.2 
4 FL 127.1 160.3 113.9 146.0 
 
After 5 washes, garments washed in Detergent #2 showed greater air permeability 
than those washed in Detergent #1.  However, the opposite effect occurred after 20 
washes.  One-way ANOVA indicated that the difference in air permeability between 
detergents was not significant after 5 washes (p=0.907) or 20 washes (p=0.959). 
 Overall, garments washed in a front load washer had higher levels of air 
permeability.  However, one-way ANOVA found that the difference in air permeability 
between washers was not significant after 5 washes (p=0.960) or 20 washes (p=0.986). 
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Figure 4.29. Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by 
Garment (Back Side) 
The air permeability rating for the back side of Polo B was 436.28 cfm after 5 
washes, and 398.15 cfm after 20 washes (see Table 4.15).  Overall, the back side of Polo 
B showed the highest level of air permeability. The air permeability rating for the back 
side of the Windbreaker was 0.93 cfm after 5 washes and 1.27 cfm after 20 washes.  
Overall, the back side of the Windbreaker showed the lowest levels of air permeability.  
The air permeability ratings of the back side of the majority of garments decreased after 
multiple washes, but the air permeability ratings of the back side of Legging A, Legging 
B, Pant A and the Windbreaker increased between wash 5 and wash 20. 
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Table 4.25. 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by Garment 
(Back Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
Hoodie 
1 TL 
1 
159.80 
161.70 
 
(sd 7.43) 
147.20 
150.83 
 
(sd 5.46) 
2 FL 155.60 149.40 
3 TL 
2 
157.10 146.60 
4 FL 174.30 160.10 
Legging A 
1 TL 
1 
18.87 
18.53 
 
(sd 0.97) 
19.90 
18.87 
 
(sd 1.25) 
2 FL 19.47 20.24 
3 TL 
2 
16.90 17.22 
4 FL 18.88 18.11 
Legging B 
1 TL 
1 
18.00 
17.30 
 
(sd 0.60) 
18.80 
18.12 
 
(sd 0.43) 
2 FL 16.48 18.14 
3 TL 
2 
16.98 17.68 
4 FL 17.72 17.84 
Legging C 
1 TL 
1 
24.18 
21.78 
 
(sd 1.52) 
19.60 
18.52 
 
(sd 1.32) 
2 FL 20.70 19.22 
3 TL 
2 
20.26 19.00 
4 FL 21.96 16.26 
Pant A 
1 TL 
1 
0.99 
1.88 
 
(sd 0.88) 
0.70 
2.14 
 
(sd 0.92) 
2 FL 1.05 2.07 
3 TL 
2 
2.50 3.17 
4 FL 2.99 2.62 
Pant B 
1 TL 
1 
100.94 
101.85 
 
(sd 0.86) 
115.10 
98.26 
 
(sd 9.76) 
2 FL 101.76 92.49 
3 TL 
2 
103.25 93.98 
4 FL 101.44 91.47 
Polo A 
1 TL 
1 
132.00 
135.03 
 
(sd 11.05) 
134.80 
123.25 
 
(sd 7.17) 
2 FL 121.60 122.30 
3 TL 
2 
134.20 120.70 
4 FL 152.30 115.21 
Polo B 
1 TL 
1 
446.00 
436.28 
 
(sd 11.41) 
411.60 
398.15 
 
(sd 8.42) 
2 FL 431.70 398.60 
3 TL 
2 
419.70 392.90 
4 FL 447.70 389.50 
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Table 4.25 (continued) 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by Garment 
(Back Side) 
Garment Load Washer Detergent Wash 5 
Wash 5 
Avg. 
Wash 20 
Wash 20 
Avg. 
T-Shirt A 
1 TL 
1 
383.60 
389.75 
 
(sd 14.78) 
378.20 
368.20 
 
(sd 6.92) 
2 FL 381.00 362.00 
3 TL 
2 
379.20 361.50 
4 FL 415.20 371.10 
T-Shirt B 
1 TL 
1 
57.10 
66.96 
 
(sd 11.75) 
67.42 
64.70 
 
(sd 2.38) 
2 FL 60.94 65.16 
3 TL 
2 
62.79 60.87 
4 FL 87.00 65.33 
Windbreaker 
1 TL 
1 
0.96 
0.93 
 
(sd 0.04) 
1.29 
1.27 
 
(0.16) 
2 FL 0.87 1.05 
3 TL 
2 
0.91 1.23 
4 FL 0.97 1.49 
 
After 5 washes, the air permeability rating for the back side of garments in Load 4 
was 131.0 cfm, and the air permeability rating for back side of garments in Load 2 was 
119.2 cfm (see Figure 4.30).  Load 4 had the highest air permeability rating and Load 2 
had the lowest air permeability rating after 5 washes.  After 20 washes, the air 
permeability rating for back side of garments in Load 1 was 119.5 cfm and the air 
permeability rating for back side of garments in Load 3 was 112.3.  Therefore, Load 1 
had the highest air permeability rating and Load 3 had the lowest air permeability rating 
after 20 washes. One-way ANOVA indicated that there was no significant difference in 
air permeability ratings between loads after 5 washes (p=0.998) or 20 washes (p=0.999) 
(see Table 4.26) 
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Figure 4.30. Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by 
Load (Back Side) 
 
Table 4.26 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012): by Load (Back 
Side) 
  Wash 5 Wash 20 
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1 TL 
1 
122.0 154.9 
153.900 0.998 
119.5 146.3 
142.223 0.999 
2 FL 119.2 151.5 113.7 141.0 
3 TL 
2 
119.4 148.8 112.3 140.0 
4 FL 131.0 160.2 113.5 141.4 
 
Overall, garments washed in Detergent #2 showed greater air permeability than 
those washed in Detergent #1. However, one-way ANOVA confirmed that the 
differences in air permeability between detergents were not significant after 5 washes 
(p=0.920) or 20 washes (p=0.930). 
 Garments washed in a front load washer had higher levels of air permeability after 
5 washes, but those washed in a top load washer had higher levels after 20 washes.  One-
way ANOVA found that the difference in air permeability between washer types was not 
significant after 5 or 20 washes (p=0.957). 
122.0
119.2 119.4
131.0
119.5
113.7
112.3 113.5
100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
Load 1 Load 2 Load 3 Load 4
C
F
M
Air Permeability of Textile Fabrics, ASTM Test Method 
D737-04(2012): by Load (Back Side)
Wash 5
Wash 20
 
93 
 
Research Questions 
Research Question #1.  Do the aesthetic performance features decrease in effectiveness 
with repeated home laundering? The aesthetic features of the garments were evaluated 
after one, five, ten, fifteen and twenty laundry cycles, to determine if the garments 
retained their original aesthetic features after repeated home laundering.  Tests to 
measure aesthetic performance included smoothness, dimensional stability, color change 
and pilling.  When appropriate, data is compared to ASTM D4154-14 Standard 
Performance Specification for Mens' and Boys' Knitted and Woven Beachwear and 
Sports Shirt Fabrics, ASTM D4156-14 Standard Performance Specification for Womens' 
and Girls' Knitted Sportswear Fabrics, and ASTM D7017-14 Standard Performance 
Specification for Rainwear an All Purpose, Water-Repellent Coat Fabrics.  All testing 
was performed in accordance with AATCC and ASTM standard test methods and was 
conducted under controlled laboratory settings.   
Smoothness. According to the ASTM specifications, the recommended 
smoothness appearance rating after 5 laundry cycles should be no less than 3.5 (ASTM, 
2014a, 2014b, 2014c).  After 5 washes, Pant A, Polo A and the Windbreaker had ratings 
that were less than 3.5.  Therefore, they did not meet the recommended specifications.  
After 20 washes, the smoothness rating of Polo A and the Windbreaker remained under 
3.5, but the smoothness rating of Pant A exceeded 3.5.  The fiber content of Pant A and 
the Windbreaker was 100% polyester.  The fiber content for Polo A was 95/5% 
cotton/spandex.  Cotton has a tendency to wrinkle (Humphries, 2004, p. 20), which 
explains why Polo A had a lower rating and failed to meet the recommended 
specification.  Overall, smoothness ratings were higher for garments washed in a top load 
washer, but there was no difference in detergents. 
Dimensional stability. According to the ASTM specifications, the recommended 
dimensional change should not exceed 3% after laundering (ASTM, 2014a, 2014b, 
2014c).  After 1 and 5 washes, Polo A was the only garment that did not meet the 
recommended specifications with shrinkage rates of 4.3% and 6.7%, respectively.  The 
shrinkage in Polo A increased to 7.9% after 20 washes; however, after 5 washes, Polo A 
did not continue to shrink at the same rate, but did shrink at a lower rate over the 
remaining 15 cycles.  Pant B and T-Shirt A also failed the recommended specification 
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after 20 washes, with shrinkage rates of 3.3% and 3.8%, respectively.  The fiber content 
of Polo A was 95/5% cotton/spandex, and the fiber content of Pant B was 80/20% 
cotton/polyester.  The fiber content of T-Shirt A was 100% polyester.  Cotton fibers have 
a tendency to swell in water, and then shrink once dry (Humphries, 2004, p. 20).  This 
causes the fabric to shrink beyond its original dimensions.  In some cases, this can be 
extreme, which is the case for Polo A.  Overall, there was less dimensional change in 
garments washed in a top load washer and Detergent #2. 
Color change. According to the ASTM specifications, the recommended amount 
of color change should not fall below a 4.0 on the Gray Scale, after laundering (ASTM, 
2014a, 2014b, 2014c).  After 5 washes, the color change ratings for Pant B, Polo A and 
the Windbreaker were below a 4.0.  Therefore, these garments did not meet the 
recommended specification.  After 20 washes, the color change ratings of nine out of the 
eleven garments were below 4.0, which means the majority of garments failed to meet the 
recommended specification.  The only garments that received a color change rating above 
4.0 after 20 washes were Legging B and Legging C.  This suggests that Legging B and 
Legging C have superior colorfastness qualities.  The fiber content of Legging B was 
43/32/25% nylon/polyester/Lycra elastane and the fiber content of Legging C was 
77/23% nylon/Lycra elastane.  Overall, there was less color change in garments washed 
in a top load washer or Detergent #1. 
Pilling. The pilling descriptions that correspond to the photographic standards are 
as follows: 1 (very severe), 2 (severe), 3(moderate), 4 (slight) and 5 (none).  While the 
majority of garments had slight or no pilling, there were several that had significant 
pilling.  After 5 washes, the Hoodie and Pant B had pilling ratings that were classified as 
severe to very severe.  After 20 washes, the Hoodie, Pant B and T-Shirt B had pilling 
ratings that were classified as very severe.  The fiber content of all three of these 
garments is cotton/polyester.  Pilling is more likely to occur in yarns with low twist staple 
fibers than those with high twist filament yarns (Cohen & Johnson, 2010, p. 324).  It is 
also likely to occur in fabrics with a blend of fibers of different strengths.  Since these 
garments are constructed from a blend of fibers with different strengths, it’s likely that 
the cotton staple fibers broke, but remained entrapped due to the strength of the polyester 
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fibers (Sivakumar & Pillay, 1981).  Overall, there was no difference in washer or 
detergent type on the effect of pilling. 
Research Question #2.  Do the functional performance features decrease in effectiveness 
with repeated home laundering?  The functional features of the garments were evaluated 
initially, and after one, five, ten, fifteen and twenty laundry cycles to determine if the 
garments retained their original performance functions after repeated home laundering.  
Tests to measure functional performance included horizontal wicking of textiles, water 
repellency- spray test, water resistance- impact penetration, water resistance- hydrostatic 
pressure, absorbency of textiles, aqueous liquid repellency and air permeability.  All 
testing was performed in accordance with AATCC and ASTM standard test methods and 
was conducted under controlled laboratory settings.   
Horizontal wicking. Legging A, Legging B, Legging C, Polo A, Polo B, T-Shirt 
A and T-Shirt B all claimed to have wicking properties.  Overall, Polo B and T-Shirt A 
displayed the highest wicking performance.  Both of these garments are constructed of 
100% polyester.  While polyester does not typically absorb moisture, it has the ability to 
quickly spread it along its surface (i.e. wicking), which occurred on Polo B and T-Shirt 
A.  Wicking is a desirable feature in athletic apparel, where it is likely that the wearer 
will perspire.  If the garment has wicking properties, it enables sweat to move from the 
skin, through the garment and into the air at a quicker rate; hence, improving thermal 
regulation.  Overall, horizontal wicking rates were higher for garments washed in 
Detergent #2; however, there was no difference in washer type. 
Spray test.  According to the ASTM specifications, the recommended spray test 
rating should be at least 90 for unwashed fabrics, and no less than 70 for washed 
garments (ASTM, 2014c).  Initially, the spray test rating for the Hoodie was 71.7, and the 
spray test ratings for Pant A, Pant B and the Windbreaker were 95.0 (see Appendix B).  
Therefore, the Hoodie failed the recommended specification for unwashed fabrics, while 
the other three garments passed.  After 5 washes, the Hoodie had a rating of 12.5, which 
is well below the recommended specification of 70 for washed garments (see Table 4.7).  
The pants and windbreaker had ratings of at least 70 after 5 washes, which shows that 
they met the recommended specification.   
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The fiber content of the Hoodie was 80/20% polyester/cotton.  The Hoodie 
claimed to have moisture management properties and to be water resistant.  It is possible 
that this garment had a temporary water-resistant finish which was ineffective after 
laundering.  The fiber content of Pant B wash 80/20% cotton/polyester, yet Pant B had a 
water-repellent finish that maintained its functional performance after 5 wash cycles.  By 
nature, cotton is hydrophilic, meaning, it absorbs water.  However, new, water-repellent 
technologies can be applied to cotton fabrics in order to give them a hydrophobic effect.  
This allows cotton-dominant garments to function with moisture management properties, 
which expands the available fiber options in performance apparel.  The fiber contents of 
Pant A and the Windbreaker were 100% polyester.  These garments had moisture 
management, water resistant and wind resistant claims.  Pant A and the Windbreaker 
consistently had the highest spray test results, and met the recommended specification 
even after 20 washes.  Overall, spray test ratings were higher for garments washed in a 
front load washer or Detergent #1. 
Impact penetration.  The measure of impact penetration was the increase in the 
weight of the blotter paper that lies under the garment, after the water was poured.  
Initially, the increase in blotter paper for the Hoodie was 15.4 g, while the increases in 
blotter paper for other three garments were less than 0.2 g (see Appendix B).  The fiber 
content of the Hoodie was 80/20% polyester/cotton.  The impact penetration test results 
indicated that the Hoodie failed to show proper water resistance prior to laundering (see 
Appendix B).  Therefore, the water resistant claims made by the Hoodie’s manufacturer 
cannot be supported by the AATCC Test Method 42-2013, Water Resistance: Impact 
Penetration test.  After 5 and 20 washes, the one-way ANOVA confirmed that the impact 
penetration results for the Hoodie were significantly different than the pants and 
windbreaker (p=0.000).  The fiber content of Pant B was 80/20% cotton/polyester, but 
Pant B had a water-repellent finish that maintained its functional performance through 20 
wash cycles.  The fiber contents of Pant A and the Windbreaker were 100% polyester.  
These garments had moisture management, water resistant and wind resistant claims.  
Pant B, Pant A and the Windbreaker exhibited sufficient water resistance according to the 
AATCC Test Method 42-2013, Water Resistance: Impact Penetration test.  Overall, 
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impact penetration ratings were higher for garments washed in a top load washer or 
Detergent #1. 
Hydrostatic pressure.  Overall, all garments decreased in hydrostatic pressure 
performance after 20 washes.  Differences in hydrostatic pressure between garment types 
were significant after 5 and 20 washes (p=0.000).  The fiber contents of Pant A and the 
Windbreaker were 100% polyester.  Polyester is a hydrophobic fiber, which means it has 
water resistant qualities.   The fiber content of Pant B was 80/20% cotton/polyester, but 
Pant B was coated with a water-repellent finish, which provided water resistance.  The 
fiber content of the Hoodie was 80/20% polyester/cotton.  Although the Hoodie claimed 
to be water resistant, it showed the lowest levels of performance for this test.  After wash 
5 and 20, water penetrated the Hoodie in Load 3 immediately, which indicated that the 
water resistant qualities had been removed.  Overall, hydrostatic pressure was higher for 
garments washed in a front load washer or Detergent #1. 
 Absorbency.  Overall, there were no major differences between the face and the 
back sides of the garments in absorbency performance.  Garments with the highest levels 
of absorbency differed in fiber contents.  The fiber content of Polo A was 95/5% 
cotton/spandex, the fiber content of T-Shirt A was 100% polyester, and the fiber content 
of Legging A was 89/11% cotton/spandex.  Cotton garments are naturally absorbent 
(Humphries, 2004, pp. 18-19).  Therefore, it is no surprise that Polo A and Legging A 
performed well in this test.  However, polyester, which was the main fiber in T-Shirt A, is 
not typically absorbent.  T-Shirt A claimed to have moisture management, quick dry, and 
thermo-regulative qualities.  Its absorbent properties suggests that it was designed with 
functions that were able to overcome the status quo of traditional polyester.  Situations 
like this are becoming more common as textile engineers develop new ways to 
manipulate fibers for functional benefits.  The least absorbent garments, Pant A, Pant B 
and the Windbreaker, claimed to be water repellent, which is essentially the opposite of 
absorbent. Hence, it is unlikely that they would absorb water based on their water-
repellant properties.  Overall, absorbency rates were higher for garments washed in a top 
load washer or Detergent #2. 
Aqueous liquid repellency. Overall, there were no major differences between the 
face and the back sides of the garments in terms of liquid repellency.  There was no 
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difference in garments that had the highest and lowest levels of repellency, no matter 
which side was tested.  Pant B, which consistently had the highest levels of liquid-
repellency, had a fiber content of 80/20% cotton/polyester.  Although cotton is not 
traditionally a liquid-repellent garment, new water-repellent finishes have enabled it to 
resist the absorption of liquid, as was displayed in Pant B.  The face side of the Hoodie, 
which claimed to be water-repellent, failed the first test liquid after 5 washes (see Table 
4.12).  This indicated that its repellent qualities were no longer performing as they did 
before washing and after 1 wash, when it repelled several test liquids (see Appendix B).    
The back side of the Hoodie was consistently more repellent than the face (see Table 
4.13).  This was likely due to the differences in construction between the two sides.  The 
face of the garment was knit with a smooth surface area, unlike the back which wash 
napped and textured.  It’s possible that this texture prevented the liquid from penetrating 
the yarns, whereas the face side only had a temporary, water-repellant finish to rely on 
for protection.  The Hoodie, Pant A, Pant B and the Windbreaker were the only garments 
that claimed to have liquid-repellent properties.  Therefore, it is not surprising that the 
other garments, with the exception of T-Shirt B, failed the first test liquid.  One-way 
ANOVA found that there were significant differences in repellency between the face side 
of the garments and the back side of the garments after 5 and 20 washes (p=0.000).  
Overall, repellency ratings were higher for garments washed in a top load washer or 
Detergent #1. 
Air Permeability.  Overall, air permeability was higher when tested on the back 
side of the fabric when compared to the face.  This suggests that the inside of fabrics are 
slightly more permeable, which allows the wearer to stay comfortable.  The air 
permeability ratings of the face side of the majority of garments decreased after multiple 
washes, but the air permeability ratings of the face side Legging A, Pant A and the 
Windbreaker increased between wash 5 and wash 20.  Overall, air permeability was 
greater for garments washed in a front load washer or Detergent #2. 
Research Question #3.  Are performance claims made by the manufacturer able to be 
proven when tested in an independent testing facility? The purpose of this research was to 
evaluate performance claims in athletic clothing, in order to confirm or refute their 
authenticity.  The garments included men’s and women’s t-shirts, polos, leggings, 
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windbreakers, hoodies, sweatpants, and warm-up pants of various fiber contents and 
performance chemistries.  It was preferred that the garments had performance qualities 
relating to moisture management.  Performance claims listed on the hang tags included 
moisture management, wicking, quick dry, stay cool, breathable, water resistant and wind 
resistant.  Claims were evaluated prior to washing, and after repeated home laundering.  
The ninety performance garments were tested initially, and after one, five, ten, fifteen and 
twenty laundry cycles.  The garments were tested for horizontal wicking of textiles, water 
repellency- spray test, water resistance- impact penetration, water resistance- hydrostatic 
pressure, absorbency of textiles, aqueous liquid repellency and air permeability.  All 
testing was performed in accordance with AATCC and ASTM standard test methods and 
was conducted under controlled laboratory settings.   
All of the garments in the sample claimed to have moisture management 
properties (see Table 3.1).  However, moisture management is a broad category, so the 
claims were specified further.  The polos, t-shirts and leggings all claimed to have 
wicking features.  Results of AATCC Test Method 198-2013 Horizontal Wicking of 
Textiles showed that the polos, t-shirts and leggings all wicked, but at different rates.  
Overall, Polo B and T-Shirt A displayed the highest wicking performance. 
Polo B, the t-shirts, Pant B, and the leggings had claims referring to breathability.  
To test these claims, they were evaluated according to ASTM Test Method D737-04 
(2012) Air Permeability of Textile Fabrics.  Overall, Polo B and T-Shirt A had the 
highest levels of air permeability.  The Leggings had the lowest levels of air permeability 
out of the garments with breathable claims.  Overall, there was a reduction in air 
permeability between 5 and 20 washed for the majority of garments.  The air 
permeability test was also used to evaluate wind resistant claims made by the 
manufacturers of the Windbreaker and Pant A.  Out of all of the garments, the 
Windbreaker and Pant A had the lowest levels of air permeability, which suggests that 
they would resist the flow of wind in an outdoor environment. 
The Hoodie, the Windbreaker and both pairs of pants claimed to be water 
resistant.  To test these claims, the spray test, impact penetration test, hydrostatic pressure 
test and aqueous liquid repellency test were utilized.  Overall, the Hoodie showed the 
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lowest levels of water resistance.  The Windbreaker and the pants consistently exhibited 
water resistance.  
While the majority of garments consistently performed in accordance with their 
claims, some did not.  Appendix B presents data from all garments tested prior to 
washing, and after 1, 5, 10, 15 and 20 wash cycles. 
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Chapter Five 
Conclusion 
The purpose of this research was to evaluate aesthetic properties and functional 
performance claims in athleisure, in order to confirm or refute their authenticity before 
and after repeated home laundering.   A convenience sample of activewear with 
performance features consisted of ninety garments that are currently on the market and 
commonly used by consumers.  The garments included men’s and women’s t-shirts, 
polos, leggings, windbreakers, hoodies, sweatpants, and warm-up pants of various fiber 
contents and performance chemistries.  It was preferred that the garments had 
performance qualities relating to moisture management.  Performance claims listed on the 
hang tags included moisture management, wicking, quick dry, stay cool, breathable, 
water resistant and wind resistant.  Garments in the sample were a combination of 
natural, synthetic and blended fiber contents.  Eighty of the garments were divided into 
four clothes loads that each weighed approximately 12 pounds and contained twenty 
garments.  These loads were identical, containing two of each performance garment to 
ensure consistency.  Two of the loads were washed in one leading detergent, Detergent 
#1 and two were washed in another leading detergent, Detergent #2.  Another variable 
was the washer platform; two loads were washed in a front load washer while the other 
two loads were washed in a top load washer.  The purpose of this was to determine 
whether detergent or washer type had any effect on aesthetic or functional performance 
after repeated home laundering.  There was also a control load, which included one of 
each garment.  The control load remained unwashed and was used solely for comparison 
throughout the study. 
The claims of performance were evaluated initially, and after repeated home 
laundering.  The ninety performance garments were tested initially, and after one, five, 
ten, fifteen and twenty laundry cycles.  The garments were tested for smoothness, 
dimensional stability, color change, pilling, horizontal wicking of textiles, water 
repellency- spray test, water resistance- impact penetration, water resistance- hydrostatic 
pressure, absorbency of textiles, aqueous liquid repellency and air permeability.  When 
appropriate, data was compared to ASTM D4154-14 Standard Performance Specification 
for Mens' and Boys' Knitted and Woven Beachwear and Sports Shirt Fabrics, ASTM 
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D4156-14 Standard Performance Specification for Womens' and Girls' Knitted 
Sportswear Fabrics, and ASTM D7017-14 Standard Performance Specification for 
Rainwear an All Purpose, Water-Repellent Coat Fabrics. All testing was performed in 
accordance with AATCC and ASTM standard test methods and was conducted under 
controlled laboratory settings.  The research objectives for this study were as follows: 
1.  Analyze aesthetic features with repeated home laundering.  
It is important to evaluate aesthetic features in order to determine if a garment 
retains its original appearance after repeated home laundering.  The aesthetic features of 
the garments were evaluated after one, five, ten, fifteen and twenty laundry cycles, to 
determine if the garments retained their original aesthetic appearance after repeated home 
laundering.  Tests to measure aesthetic performance included smoothness, dimensional 
stability, color change and pilling.  The results of evaluating smoothness, dimensional 
change and color change tests showed that all of the garments decreased in aesthetic 
performance after 20 washes regardless of load, washer type or detergent type.  The 
decrease in aesthetic performance was gradual over the course of 20 wash cycles.   After 
20 washes, the Windbreaker and Polo A failed to meet the recommended ASTM 
specifications for smoothness appearance.  Polo A also failed to meet the recommended 
ASTM specifications for dimensional stability and exhibited the highest rates of 
shrinkage. The fiber content of Polo A included 95% cotton, which is prone to wrinkles 
and shrinkage, and may have contributed to the poor aesthetic ratings.   All of the 
garments decreased in the aesthetic property of pilling, with the exception of Legging B, 
Legging C, Pant A and the Windbreaker, which showed no pilling after 20 washes.  The 
fiber content of Pant A and the Windbreaker was 100% polyester.  Since they were 
composed of filament yarns, they were less likely to pill.  Garments that are composed of 
a blend of fibers of different strengths are more likely to experience pilling. 
The smoothness, dimensional change and color change tests had higher results 
when garments were washed in a top load washer.  There was no difference in washer 
type on the effect of pilling.  Color change had higher results when garments were 
washed in Detergent #1, and dimensional change had higher results when garments were 
washed in Detergent #2.  There was no difference in detergent type on the effect of 
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smoothness or pilling.  Statistical analysis showed that after 20 washes, there was no 
significant difference between load, washer type or detergent type for each aesthetic test.   
2.  Analyze functional performance features with repeated home laundering. 
The functional features of the garments were evaluated initially, and after one, 
five, ten, fifteen and twenty laundry cycles to determine if the garments retained their 
original performance functions after repeated home laundering.  Tests to measure 
functional performance included horizontal wicking of textiles, water repellency- spray 
test, water resistance- impact penetration, water resistance- hydrostatic pressure, 
absorbency of textiles, aqueous liquid repellency and air permeability.  The majority of 
garments decreased in functional performance after repeated home laundering; however, 
most still retained basic functionality, so decreases may or may not be noticed by a 
consumer.  Changes in performance were gradual and occurred at small increments for 
the majority of tests.  One exception was the Hoodie, which began to lose water 
repellency after 1 wash.   It is possible that the Hoodie had a temporary, water repellent 
finish that was removed in the laundering process.  Some garments, such as Pant B, 
defied the normal performance that would be expected by a garment with a high natural 
fiber content.  Pant B, which had a fiber content of 80/20% cotton/polyester, remained 
water repellent throughout most of the study.  Cotton is traditionally a hydrophilic fiber, 
so Pant B likely had a permanent or semi-permanent water repellent finish that was able 
to withstand 20 wash cycles. 
The impact penetration, absorbency and aqueous liquid repellency tests had 
higher results when garments were washed in a top load washer, and the spray test, 
hydrostatic pressure and air permeability tests had higher results when garments were 
washed in a front load washer.  There was no difference in washer type on the effect of 
horizontal wicking.  The spray test, impact penetration, hydrostatic pressure and aqueous 
liquid repellency tests displayed higher results when garments were washed in Detergent 
#1, and the horizontal wicking, absorbency and air permeability tests had higher results 
when garments were washed in Detergent #2.  For all functional tests, there was no 
significant difference between load, washer type or detergent type after 20 washes, with 
the exception of absorbency (p=0.038), where garments washed in Detergent #2 had a 
significantly faster absorbent rate than those washed in Detergent #1.   
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3.  Evaluate performance claims made by various athletic apparel manufacturers. 
Performance claims listed on the hang tags included moisture management, 
wicking, quick dry, stay cool, breathable, water resistant and wind resistant.  Claims were 
evaluated prior to washing, and after repeated home laundering.  All of the garments in 
the sample claimed to have moisture management properties (see Table 3.1).  However, 
moisture management is a broad category, so the claims were specified further.   
Results of AATCC Test Method 198-2013 Horizontal Wicking of Textiles 
showed that all of the garments that claimed to have wicking features did wick, but at 
different rates.  Garments with breathability claims were evaluated according to ASTM 
Test Method D737-04 (2012) Air Permeability of Textile Fabrics.  Overall, there was a 
reduction in air permeability between 5 and 20 washes for the majority of garments.  The 
air permeability test was also used to evaluate wind resistant claims made by the 
manufacturers of the Windbreaker and Pant A. The results of the air permeability test 
suggest that the Windbreaker and Pant A would resist the flow of wind in an outdoor 
environment.  In order to test water resistant claims, the spray test, impact penetration 
test, hydrostatic pressure test and aqueous liquid repellency test were utilized.  With the 
exception of the Hoodie, the garments with these claims demonstrated water resistance.  
The success of these garments was due to their fiber content, construction and the 
addition of water resistant, functional finishes.   
While the majority of garments consistently performed in accordance with their 
functional performance claims, some did not.  The Hoodie failed to perform according to 
its water resistance claim after 5 washes.  This finding is supported by research that 
encourages manufacturers to complete extensive testing on their garments before making 
performance claims ("Marketing claims," 2010).  This also demonstrates that it is 
beneficial for manufacturers to conduct testing prior to washing, and after several washes 
to determine whether performance features continue to perform as expected after 
repeated laundry cycles.   
Limitations 
There were several limitations that impacted this study.  Data collection was 
restricted due to limited funding, time, and access to materials.  A convenience sample 
was used in the collection of data, which included garments with performance claims. A 
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random sample was not used due to the expense of athleisure garments.  The sample is 
representative of current, popular athletic brands; however, not all athletic brands are 
included in this study.  Therefore, these results cannot be generalized for all performance 
apparel garments on the market.  
In addition, it was not feasible to follow the care instructions on all garments in 
the sample; therefore, the laundry conditions were based on typical consumer behavior 
when washing a mixed clothes load.  A normal wash cycle with liquid detergent and cold 
water was used to launder all garments in the sample.  Fabric softener was not used.  The 
garments were all dried in identical driers for 40 minutes on high, without the addition of 
dryer sheets.  Variables in the drying cycle were not manipulated in this study. 
Recommendations for Future Research 
Recommendations for future research are based on the findings of this study.  
There are a variety of ways that researchers could expand upon studies testing claims.  
The Federal Trade Commission (FTC) mandates that advertisers must have evidence to 
back up their claims ("Federal Trade Commission Act," 1914), so this is an important 
issue.  One recommendation is to repeat a similar study, but include analogous garment 
types in the sample (i.e. a sample that consists entirely of performance t-shirts).  This 
would enable the researcher to draw conclusions based on a specific garment type.  The 
data collected in this study supported a variety of garment types, and as a result, was 
broad. 
A similar study could also be conducted on other types of performance claims.  
This study focused primarily on claims relating to moisture management; however, there 
are a variety of performance claims on the market.  Examples include compression, 
thermal regulation, UV protection and antimicrobial. 
Another recommendation is to extend the evaluation of claims to garments 
outside of the performance sector.  Today’s clothing manufacturers make claims on 
garments that do not concern performance.  These claims vary from fiber content, to 
ethical issues like sustainability and social responsibility.   
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Appendix A 
Definition of Terms 
Abrasion- The wearing away of any part of a material by rubbing against another surface 
(Hyllegard et al., 2012; Iwanow et al., 2005). 
Antimicrobial Agent- Any chemical material which kills or inhibits the growth of 
microorganisms (AATCC, 2016).  
Athleisure- Casual clothing to be worn both for exercising and for general use 
("athleisure," 2017). 
Activewear (Athletic Wear)- Any of a wide variety of apparel items designed to be worn 
for active sports. Not to be confused with official athletic uniforms worn by professional 
athletes, although such uniforms may serve as the inspiration for the design of some 
activewear. Many consumers wear activewear apparel not only for sports but also as 
casual dress (Calasibetta & Tortora, 2003). 
Breathable- Describing a property that allows perspiration to pass through the fabric to 
the outside environment. This helps maintain an even body temperature (AATCC, 2016). 
Care Instructions- A series of directions describing which care practices should refurbish 
a product without adverse effects and warning of those care practices expected to have a 
harmful effect (O'Mahony & Braddock, 2002). 
Care Label- A permanent label or tag, containing regular care information and 
instructions, that is attached or affixed in such a manner that it will not become separated 
from the product and will remain legible during the useful life of the product (AATCC, 
2016). 
Chemical Finish- Chemical material other than colorants and residual processing 
chemicals added to textiles to impart desired functional or aesthetic properties to the 
textile product (FTC, 2001b). 
Colorfastness- The resistance of a material to change in any of its color characteristics, to 
transfer of its colorant(s) to adjacent materials, or both, as a result of the exposure of the 
material to any environment that might be encountered during the processing, testing, 
storage or use of the material (AATCC, 2016). 
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Dimensional Change- a generic term for changes in length or width of a fabric specimen 
subjected to specified conditions. The change is usually expressed as a percentage of the 
initial dimension of a specimen (AATCC, 2016). 
Drycleaning- The cleaning of fabrics with organic solvents such as petroleum solvent, 
perchloroethylene or fluorocarbon (AATCC, 2016). 
Drying Time- The time it takes for a specified amount of liquid to evaporate from a 
textile under controlled testing conditions (AATCC, 2016). 
Durable Press- having the ability to retain substantially the initial shape, flat seams, 
pressed-in creases and unwrinkled appearance during use and after laundering or 
drycleaning (AATCC, 2016). 
Express Claims- claims explicitly made in an advertisement (FTC, 2001a). 
Fabric- A planar structure made from yarns or fibers (AATCC, 2016).  
Fiber- A generic term for any one of the various types of matter that form the basic 
elements of a textile and which are generally characterized by flexibility, fineness, and 
high ratio of length to thickness (AATCC, 2016).  
Fiber Content- The type and amount of fiber(s) used in making a textile product 
(AATCC, 2016). 
Garment- A shaped article of textile fabric, or other flexible sheet material, intended to 
cover portions of the human body ("Fairchild's Dictionary of Textiles," 2003). 
Hand- The tactile sensations or impressions which arise when fabrics are touched, 
squeezed, rubbed, or otherwise handled (AATCC, 2016). 
Hang Tag- see informative label 
Implied Claims- claims that consumers assume based on information presented in an 
advertisement (FTC, 2001a). 
Informative Label- a tag that gives a description of the performance inherent in a fabric 
for the purpose of aiding the consumer in selection.  Fiber content, how the fabric is 
made, how it will perform in use, and fabric (or garment) care are areas covered by an 
informative label ("Fairchild's Dictionary of Textiles," 2003) 
Laundering- A process intended to remove soils and/or stains by treatment (washing) 
with an aqueous detergent solution and normally including subsequent rinsing, extracting 
and drying (AATCC, 2016). 
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Moisture Management- The engineered or inherent transport of aqueous liquids such as 
perspiration or water (relates to comfort) and includes both liquid and vapor forms of 
water (AATCC, 2016).  
Nanotechnology- Term referring to a wide range of technologies that measure, 
manipulate or incorporate materials and/or features with at least one dimension between 
approximately 1 and 100 nanometers (mm) (ASTM, 2012). 
Performance Apparel- Garments that perform or function for some purpose 
("Performance Apparel and its Global Market Trends," 2008). 
Performance Cut- A specific type of cutting and shaping so that the garment follows the 
body’s curves closely to allow maximum movement and comfort (AATCC, 2016). 
Performance Fibers- Are fiber modifications that provide comfort and improve human 
performance for products such as active sportswear (O'Mahony & Braddock, 2002). 
Performance Property- Any chemical or physical characteristic of a textile that is 
evaluated during wear testing ("Fairchild's Dictionary of Textiles," 2003). 
Perspiration- A saline fluid secreted by the sweat glands (Kadolph, 2010). 
Smoothness Appearance- the visual impression of planarity of a specimen quantified by 
comparison with a set of reference standards (AATCC, 2016). 
Soil- Dirt, oil or other substances not normally intended to be present on a substrate such 
as a textile material (AATCC, 2016).  
Ventilation- Free circulation of air around the inside of a garment. Cool air is allowed to 
pass in and carry away warm air (produced by activity) to maintain a stable body 
temperature and prevent overheating (AATCC, 2016).  
Verify- To prove, show, find out, or state that (something) is true or correct ("verify," 
2017) 
Water Repellent- Describes a textile resistant to water but not totally waterproof 
(O'Mahony & Braddock, 2002). 
Water Resistance- The characteristic to resist wetting and penetration by water 
(O'Mahony & Braddock, 2002).  
Weather Resistance- Ability of a material to resist degradation of its properties when 
exposed to climatic conditions (AATCC, 2016). 
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Wicking- the movement of a liquid, by capillary action, along or through a material 
(AATCC, 2016). 
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Appendix B 
Table B1 
 
Smoothness Appearance of Fabric, AATCC Test Method 124-2014 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
4.0 3.8 3.8 4.0 3.9 
2 FL 4.0 4.0 3.6 3.8 4.0 
3 TL 
2 
3.8 4.0 3.9 3.9 4.0 
4 FL 3.9 4.0 3.9 3.9 4.0 
Legging A 
1 TL 
1 
4.8 4.0 4.0 4.0 4.0 
2 FL 4.0 4.0 4.0 4.0 4.0 
3 TL 
2 
4.0 4.0 4.0 4.0 4.0 
4 FL 4.0 4.0 4.0 4.0 3.8 
Legging B 
1 TL 
1 
5.0 5.0 4.8 4.5 4.0 
2 FL 5.0 5.0 4.8 4.5 4.5 
3 TL 
2 
5.0 5.0 4.5 4.5 4.5 
4 FL 5.0 5.0 4.5 4.5 4.0 
Legging C 
1 TL 
1 
5.0 5.0 4.8 4.5 4.5 
2 FL 5.0 5.0 4.8 4.5 4.5 
3 TL 
2 
5.0 5.0 4.5 4.5 4.5 
4 FL 5.0 5.0 4.5 4.5 4.0 
Pant A 
1 TL 
1 
3.5 3.3 4.0 3.5 3.5 
2 FL 3.5 3.3 3.8 3.8 3.5 
3 TL 
2 
3.9 3.5 3.8 3.8 3.8 
4 FL 3.8 3.8 3.5 3.5 3.5 
Pant B 
1 TL 
1 
5.0 4.0 4.0 4.0 4.0 
2 FL 5.0 4.3 4.0 4.0 4.0 
3 TL 
2 
5.0 4.0 4.0 4.0 4.0 
4 FL 4.8 4.0 4.0 4.0 4.0 
Note.  Values represent the average grade between the two garments of each type. 
 
1.0: Crumpled, Creased, Severely Wrinkled Appearance 
2.0: Rumpled, Obvious Wrinkled Appearance 
3.0: Mussed, Nonpressed Appearance 
3.5: Fairly Smooth, Slightly Nonpressed Appearance 
4.0: Smooth, Finished Appearance 
5.0: Very Smooth, Pressed, Finished Appearance 
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Table B1 (continued) 
 
Smoothness Appearance of Fabric, AATCC Test Method 124-2014 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Polo A 
1 TL 
1 
3.1 2.5 2.8 2.8 2.6 
2 FL 3.0 2.8 2.8 2.8 2.6 
3 TL 
2 
2.5 2.8 2.9 2.9 2.8 
4 FL 2.5 2.5 3.1 3.1 2.5 
Polo B 
1 TL 
1 
4.0 4.0 4.0 4.0 4.0 
2 FL 4.9 4.0 4.0 4.0 3.8 
3 TL 
2 
4.3 3.8 4.0 4.0 4.0 
4 FL 4.3 4.0 4.0 4.0 4.0 
T-Shirt A 
1 TL 
1 
3.9 4.0 4.0 4.0 4.0 
2 FL 4.9 4.5 4.0 4.0 3.9 
3 TL 
2 
4.0 3.6 4.0 4.0 4.0 
4 FL 4.0 3.8 3.5 3.5 4.0 
T-Shirt B 
1 TL 
1 
4.0 4.3 4.0 4.5 4.0 
2 FL 3.8 3.8 4.0 4.0 4.0 
3 TL 
2 
3.8 4.0 4.0 4.0 4.0 
4 FL 3.5 4.0 4.0 4.0 4.0 
Windbreaker 
1 TL 
1 
3.0 2.5 3.0 3.0 3.0 
2 FL 3.3 3.0 3.0 3.0 3.0 
3 TL 
2 
2.9 2.8 3.0 3.0 3.0 
4 FL 2.5 3.0 3.1 3.1 3.0 
Note.  Values represent the average grade between the two garments of each type. 
 
1.0: Crumpled, Creased, Severely Wrinkled Appearance 
2.0: Rumpled, Obvious Wrinkled Appearance 
3.0: Mussed, Nonpressed Appearance 
3.5: Fairly Smooth, Slightly Nonpressed Appearance 
4.0: Smooth, Finished Appearance 
5.0: Very Smooth, Pressed, Finished Appearance
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Table B2 
 
Dimensional Changes of Garments after Home Laundering, AATCC Test Method 150-2012 
 
Garment Load Washer Detergent 
DC After 1 
Wash 
DC After 5 
Washes 
DC After 10 
Washes 
DC After 15 
Washes 
DC After 20 
Washes 
Hoodie 
1 TL 
1 
1.3 1.7 1.2 2.5 2.6 
2 FL 1.7 2.2 2.7 2.6 3.1 
3 TL 
2 
0.7 2.1 2.7 2.8 3.6 
4 FL 1.5 1.2 1.8 2.1 2.7 
Legging A 
1 TL 
1 
-0.1 0.8 0.8 0.7 1.1 
2 FL 0.3 0.4 0.5 0.9 0.9 
3 TL 
2 
0.5 -0.1 -0.5 0.6 0.9 
4 FL 1.0 0.6 0.9 1.4 1.5 
Legging B 
1 TL 
1 
0.6 -0.2 -0.3 0.0 -0.4 
2 FL 0.8 0.5 0.6 0.3 1.0 
3 TL 
2 
0.6 1.0 0.5 0.1 0.7 
4 FL 0.0 0.2 0.5 0.0 0.5 
Legging C 
1 TL 
1 
-0.9 -1.0 -2.0 -1.9 -1.7 
2 FL 0.0 -0.3 -0.1 -0.3 -0.7 
3 TL 
2 
-0.8 -0.9 3.9 -1.3 -0.4 
4 FL 2.0 -0.3 -0.3 0.1 0.0 
Note. Values represent the average grade between the two garments of each type.  Values are in percentages.  Higher values indicate 
greater shrinkage. 
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Table B2 (continued) 
 
Dimensional Changes of Garments after Home Laundering, AATCC Test Method 150-2012 
 
Garment Load Washer Detergent 
DC After 1 
Wash 
DC After 5 
Washes 
DC After 10 
Washes 
DC After 15 
Washes 
DC After 20 
Washes 
Pant A 
1 TL 
1 
0.0 1.0 1.0 1.3 1.4 
2 FL 0.6 1.3 1.3 1.5 1.8 
3 TL 
2 
0.6 0.9 1.1 1.3 1.1 
4 FL 0.5 1.0 1.1 1.6 1.8 
Pant B 
1 TL 
1 
1.5 2.6 1.8 2.9 3.1 
2 FL 1.5 3.6 3.4 3.6 4.1 
3 TL 
2 
1.2 2.4 2.2 2.2 2.6 
4 FL 2.1 2.1 2.3 2.8 3.3 
Polo A 
1 TL 
1 
4.6 6.9 6.1 7.4 7.5 
2 FL 5.3 7.8 7.3 7.3 8.5 
3 TL 
2 
3.1 5.6 6.5 6.7 7.1 
4 FL 4.2 6.4 6.9 8.3 8.4 
Polo B 
1 TL 
1 
0.9 1.9 1.9 2.4 2.5 
2 FL 0.8 2.4 1.9 2.8 3.1 
3 TL 
2 
0.4 1.7 2.2 2.3 3.2 
4 FL 0.2 1.0 1.6 2.3 2.8 
Note. Values represent the average grade between the two garments of each type.  Values are in percentages.  Higher values indicate 
greater shrinkage. 
 
 
 
  
114 
Table B2 (continued) 
 
Dimensional Changes of Garments after Home Laundering, AATCC Test Method 150-2012 
 
Garment Load Washer Detergent 
DC After 1 
Wash 
DC After 5 
Washes 
DC After 10 
Washes 
DC After 15 
Washes 
DC After 20 
Washes 
T-Shirt A 
1 TL 
1 
1.9 3.0 3.7 3.9 4.0 
2 FL 1.8 3.9 4.0 4.7 4.9 
3 TL 
2 
1.6 3.3 3.7 4.3 4.6 
4 FL -1.6 -0.7 -0.1 1.0 0.9 
T-Shirt B 
1 TL 
1 
1.1 1.9 1.9 2.5 2.6 
2 FL 1.5 2.1 1.8 1.9 2.6 
3 TL 
2 
0.8 2.1 2.4 2.3 2.7 
4 FL 1.6 2.3 2.5 2.9 3.4 
Windbreaker 
1 TL 
1 
0.4 0.8 1.0 0.9 0.8 
2 FL 0.1 0.8 0.4 0.5 0.7 
3 TL 
2 
0.1 0.2 0.7 0.5 0.6 
4 FL -0.1 0.4 0.1 0.4 0.4 
Note. Values represent the average grade between the two garments of each type.  Values are in percentages.  Higher values indicate 
greater shrinkage. 
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Table B3 
 
Color Change, AATCC Evaluation Procedure 1-2012 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
5.0 4.5 4.5 4.0 3.5 
2 FL 5.0 4.5 4.5 4.0 3.9 
3 TL 
2 
4.5 4.0 4.0 4.0 4.0 
4 FL 4.5 4.3 4.0 3.8 3.8 
Legging A 
1 TL 
1 
4.3 4.0 4.1 3.9 3.8 
2 FL 4.3 4.5 4.1 4.1 4.0 
3 TL 
2 
5.0 4.0 4.0 4.1 4.0 
4 FL 5.0 4.0 4.0 4.0 4.0 
Legging B 
1 TL 
1 
5.0 5.0 4.3 4.3 4.3 
2 FL 5.0 5.0 4.5 4.5 4.5 
3 TL 
2 
4.8 4.0 4.0 4.3 4.5 
4 FL 4.8 4.5 4.0 4.0 4.0 
Legging C 
1 TL 
1 
5.0 4.5 5.0 4.8 4.8 
2 FL 5.0 5.0 5.0 4.8 3.8 
3 TL 
2 
5.0 5.0 5.0 4.5 4.5 
4 FL 5.0 5.0 5.0 4.5 4.5 
Pant A 
1 TL 
1 
4.5 4.8 4.0 4.0 4.0 
2 FL 4.3 4.5 4.0 4.0 3.8 
3 TL 
2 
4.5 3.8 3.5 4.0 4.0 
4 FL 4.5 3.9 4.0 3.8 3.5 
Pant B 
1 TL 
1 
3.8 3.9 4.0 3.0 2.3 
2 FL 4.3 3.8 4.0 2.9 2.8 
3 TL 
2 
4.4 3.3 2.5 2.4 2.4 
4 FL 4.5 3.3 2.8 3.0 2.4 
Note. Values represent the average grade between the two garments of each type. 
 
1: Very Severe Color Difference 
2: Severe Color Difference 
3: Moderate Color Difference 
4: Slight Color Difference 
5: No Perceived Color Difference  
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Table B3 (continued) 
 
Color Change, AATCC Evaluation Procedure 1-2012 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Polo A 
1 TL 
1 
3.5 3.5 3.5 3.4 2.9 
2 FL 3.3 2.8 2.5 2.6 2.4 
3 TL 
2 
3.8 3.5 3.0 3.0 3.3 
4 FL 3.8 3.0 3.5 3.3 3.3 
Polo B 
1 TL 
1 
5.0 4.3 4.3 4.0 3.5 
2 FL 4.6 4.5 4.0 4.0 3.9 
3 TL 
2 
4.9 4.5 4.5 4.0 3.8 
4 FL 4.8 4.8 4.5 4.0 3.9 
T-Shirt A 
1 TL 
1 
4.5 4.5 4.1 3.8 3.6 
2 FL 4.0 4.5 4.0 3.8 3.4 
3 TL 
2 
4.5 3.8 4.0 3.6 3.4 
4 FL 4.5 3.5 4.0 3.5 3.3 
T-Shirt B 
1 TL 
1 
5.0 4.5 4.5 4.1 4.0 
2 FL 5.0 4.5 4.3 4.0 4.0 
3 TL 
2 
5.0 4.0 4.0 3.8 3.8 
4 FL 4.5 3.8 4.0 4.0 4.0 
Windbreaker 
1 TL 
1 
4.3 4.8 4.0 3.9 3.8 
2 FL 4.8 4.8 4.0 3.8 3.0 
3 TL 
2 
4.8 3.3 3.0 4.0 3.8 
4 FL 4.5 3.0 3.0 3.5 3.5 
Note. Values represent the average grade between the two garments of each type. 
 
1: Very Severe Color Difference 
2: Severe Color Difference 
3: Moderate Color Difference 
4: Slight Color Difference 
5: No Perceived Color Difference  
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Table B4 
 
Standard Test Method for Pilling Resistance and Other Related Surface Changes of 
Textile Fabrics, ASTM D 3512-16 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
4.0 2.0 1.0 1.0 1.0 
2 FL 4.0 2.0 1.0 1.0 1.0 
3 TL 
2 
5.0 2.0 1.0 1.0 1.0 
4 FL 5.0 2.0 1.0 1.0 1.0 
Legging A 
1 TL 
1 
4.5 4.5 4.5 4.0 4.0 
2 FL 4.5 4.5 4.5 4.0 4.0 
3 TL 
2 
5.0 5.0 4.5 4.0 4.0 
4 FL 5.0 5.0 4.5 4.0 4.0 
Legging B 
1 TL 
1 
5.0 5.0 5.0 5.0 5.0 
2 FL 5.0 5.0 5.0 5.0 5.0 
3 TL 
2 
5.0 5.0 5.0 5.0 5.0 
4 FL 5.0 5.0 5.0 5.0 5.0 
Legging C 
1 TL 
1 
5.0 5.0 5.0 5.0 5.0 
2 FL 5.0 5.0 5.0 5.0 5.0 
3 TL 
2 
5.0 5.0 5.0 5.0 5.0 
4 FL 5.0 5.0 5.0 5.0 5.0 
Pant A 
1 TL 
1 
5.0 5.0 5.0 5.0 5.0 
2 FL 5.0 5.0 5.0 5.0 5.0 
3 TL 
2 
5.0 5.0 5.0 5.0 5.0 
4 FL 5.0 5.0 5.0 5.0 5.0 
Pant B 
1 TL 
1 
4.0 2.0 1.5 1.0 1.0 
2 FL 4.0 1.8 1.0 1.0 1.0 
3 TL 
2 
4.0 1.5 1.0 1.0 1.0 
4 FL 4.0 1.5 1.0 1.0 1.0 
Note. Values represent the average grade between the two garments of each type. 
 
1: Very Severe Pilling 
2: Severe Pilling  
3: Moderate Pilling 
4: Slight Pilling 
5: None 
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Table B4 (continued) 
 
Standard Test Method for Pilling Resistance and Other Related Surface Changes of 
Textile Fabrics, ASTM D 3512-16 
  
G
arm
ent 
L
oad 
W
asher 
D
etergent 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Polo A 
1 TL 
1 
5.0 5.0 4.5 4.0 4.0 
2 FL 5.0 5.0 4.5 4.3 4.0 
3 TL 
2 
5.0 5.0 4.5 4.0 4.0 
4 FL 5.0 5.0 4.5 4.0 4.0 
Polo B 
1 TL 
1 
5.0 4.0 4.0 4.0 4.0 
2 FL 5.0 4.0 4.0 4.0 4.0 
3 TL 
2 
5.0 4.0 4.0 4.0 4.0 
4 FL 4.0 4.0 4.0 4.0 4.0 
T-Shirt A 
1 TL 
1 
5.0 4.0 4.0 4.0 4.0 
2 FL 5.0 4.0 4.0 4.0 4.0 
3 TL 
2 
5.0 5.0 5.0 4.0 4.0 
4 FL 5.0 5.0 5.0 4.0 4.0 
T-Shirt B 
1 TL 
1 
4.5 4.5 3.0 2.0 1.5 
2 FL 4.0 4.5 3.0 2.0 2.0 
3 TL 
2 
5.0 4.0 4.0 2.0 1.0 
4 FL 5.0 4.0 4.0 3.5 2.0 
Windbreaker 
1 TL 
1 
5.0 5.0 5.0 5.0 5.0 
2 FL 5.0 5.0 5.0 5.0 5.0 
3 TL 
2 
5.0 5.0 5.0 5.0 5.0 
4 FL 5.0 5.0 5.0 5.0 5.0 
Note. Values represent the average grade between the two garments of each type. 
 
1: Very Severe Pilling 
2: Severe Pilling  
3: Moderate Pilling 
4: Slight Pilling 
5: None 
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Table B5 
 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013 (Face Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
0.00 3.03 9.44 9.98 36.75 26.01 
2 FL 0.00 1.44 15.33 4.87 6.31 11.24 
3 TL 
2 
0.00 11.03 18.64 42.91 28.76 38.46 
4 FL 0.00 12.05 29.73 64.98 78.54 67.60 
Legging A 
1 TL 
1 
7.53 10.57 14.37 16.36 15.83 18.91 
2 FL 6.20 7.42 13.97 15.43 15.69 16.06 
3 TL 
2 
4.80 11.26 16.42 17.18 16.04 15.49 
4 FL 6.12 12.40 13.59 17.42 16.67 14.04 
Legging B 
1 TL 
1 
3.69 6.13 7.88 14.50 22.33 15.16 
2 FL 4.16 1.10 19.03 21.56 11.22 10.51 
3 TL 
2 
3.30 14.37 64.04 65.56 20.60 19.91 
4 FL 3.18 4.04 18.69 58.15 75.64 42.19 
Legging C 
1 TL 
1 
14.12 8.36 2.93 3.73 5.79 4.12 
2 FL 11.85 3.48 1.86 4.51 3.04 1.94 
3 TL 
2 
9.90 6.51 6.64 10.64 13.47 8.97 
4 FL 9.54 3.80 10.69 11.09 14.34 9.49 
Pant A 
1 TL 
1 
0.00 0.00 0.00 0.00 0.00 0.00 
2 FL 0.00 0.00 0.00 0.00 0.00 0.00 
3 TL 
2 
0.00 0.00 0.00 0.00 0.00 0.00 
4 FL 0.00 0.00 0.00 0.00 0.00 0.00 
Pant B 
1 TL 
1 
0.00 0.00 0.00 0.00 0.00 0.00 
2 FL 0.00 0.00 0.00 0.00 0.00 0.00 
3 TL 
2 
0.00 0.00 0.00 0.00 0.00 0.00 
4 FL 0.00 0.00 0.00 0.00 0.00 0.00 
Note. Values represent the average grade between the two garments of each type. The 
horizontal wicking rate was calculated using the following formula: 
W = π(1/4)(d1)(d2)/t 
where: 
W = wicking rate, mm2/s 
d1= wicking distance in length direction, mm and d2 = wicking distance in width 
direction, mm 
t = wicking time, s 
 
 
 
120 
Table B5 (continued) 
 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013 (Face Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Polo A 
1 TL 
1 
14.57 26.29 41.12 64.86 40.40 21.28 
2 FL 16.20 18.27 35.31 61.69 48.86 25.00 
3 TL 
2 
14.99 19.73 32.39 42.61 17.92 20.32 
4 FL 12.18 17.25 38.50 66.54 85.05 27.09 
Polo B 
1 TL 
1 
249.84 212.35 196.30 203.61 191.31 170.80 
2 FL 236.39 106.40 143.21 112.82 26.68 14.57 
3 TL 
2 
266.52 230.46 248.80 229.37 147.81 197.49 
4 FL 249.16 258.33 260.96 214.73 241.29 189.99 
T-Shirt A 
1 TL 
1 
253.64 309.61 316.32 266.59 161.89 252.19 
2 FL 233.81 210.48 326.92 206.81 176.78 86.12 
3 TL 
2 
209.30 364.46 237.18 346.62 202.44 185.73 
4 FL 245.58 372.08 295.19 265.25 401.33 172.69 
T-Shirt B 
1 TL 
1 
1.04 2.66 8.52 6.19 6.57 8.90 
2 FL 0.55 0.97 6.82 5.42 5.22 4.20 
3 TL 
2 
0.97 6.80 9.73 8.29 8.38 7.43 
4 FL 1.07 4.33 8.06 11.46 10.60 12.77 
Windbreaker 
1 TL 
1 
0.00 0.00 0.00 0.00 0.00 0.00 
2 FL 0.00 0.00 0.00 0.00 0.00 0.00 
3 TL 
2 
0.00 0.00 0.00 0.00 0.00 0.00 
4 FL 0.00 0.00 0.00 0.00 0.00 0.00 
Note. Values represent the average grade between the two garments of each type. The 
horizontal wicking rate was calculated using the following formula: 
W = π(1/4)(d1)(d2)/t 
where: 
W = wicking rate, mm2/s 
d1= wicking distance in length direction, mm and d2 = wicking distance in width 
direction, mm 
t = wicking time, s 
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Table B6 
 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013 (Back Side) 
  
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
0.00 0.00 0.00 0.00 0.00 0.00 
2 FL 0.00 0.00 0.00 0.85 0.00 0.00 
3 TL 
2 
0.00 0.00 0.00 0.00 0.00 0.00 
4 FL 0.00 0.00 4.34 0.00 0.00 0.00 
Legging A 
1 TL 
1 
9.19 9.01 12.03 17.07 16.05 21.75 
2 FL 9.00 6.19 14.60 26.67 16.36 9.51 
3 TL 
2 
4.78 12.46 17.47 17.43 18.86 16.13 
4 FL 6.21 11.93 20.56 16.92 29.01 17.47 
Legging B 
1 TL 
1 
3.83 12.34 8.15 10.03 18.75 27.82 
2 FL 4.14 3.15 12.26 20.91 36.13 9.93 
3 TL 
2 
4.72 16.42 49.26 59.62 17.14 24.45 
4 FL 3.09 4.83 78.33 53.12 75.52 85.69 
Legging C 
1 TL 
1 
9.99 14.09 15.70 7.78 2.51 12.19 
2 FL 11.25 8.39 6.34 8.86 8.81 2.42 
3 TL 
2 
10.62 10.97 8.72 11.54 12.14 11.68 
4 FL 5.07 4.33 44.11 14.40 21.66 11.89 
Pant A 
1 TL 
1 
0.00 12.25 30.00 0.00 0.00 0.00 
2 FL 0.00 0.00 8.08 1.72 0.61 0.56 
3 TL 
2 
0.00 2.19 121.72 0.00 29.91 26.02 
4 FL 0.00 1.56 51.93 82.31 84.63 38.40 
Pant B 
1 TL 
1 
0.00 0.00 0.00 0.00 0.00 0.00 
2 FL 0.00 0.00 0.00 0.00 0.00 0.00 
3 TL 
2 
0.00 0.00 0.00 0.00 0.00 0.00 
4 FL 0.00 0.00 0.00 0.00 0.00 0.00 
Note. Values represent the average grade between the two garments of each type. The 
horizontal wicking rate was calculated using the following formula: 
W = π(1/4)(d1)(d2)/t 
where: 
W = wicking rate, mm2/s 
d1= wicking distance in length direction, mm and d2 = wicking distance in width 
direction, mm 
t = wicking time, s 
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Table B6 (continued) 
 
Horizontal Wicking of Textiles, AATCC Test Method 198-2013 (Back Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Polo A 
1 TL 
1 
9.52 13.24 8.79 10.52 8.15 10.08 
2 FL 10.36 12.98 8.30 8.95 10.41 13.22 
3 TL 
2 
12.48 9.97 6.04 9.15 10.48 11.41 
4 FL 5.79 11.41 7.41 8.60 10.39 12.86 
Polo B 
1 TL 
1 
253.00 216.21 234.34 266.28 246.92 178.14 
2 FL 266.65 131.99 166.07 155.46 41.66 6.85 
3 TL 
2 
281.04 252.93 274.32 262.25 244.45 204.71 
4 FL 273.75 248.39 262.28 251.28 281.54 238.98 
T-Shirt A 
1 TL 
1 
218.94 287.12 307.28 230.79 190.44 201.79 
2 FL 260.88 233.43 230.59 292.24 102.61 39.34 
3 TL 
2 
228.88 275.31 248.52 222.41 353.60 201.70 
4 FL 231.29 274.88 207.82 273.25 329.86 209.20 
T-Shirt B 
1 TL 
1 
1.37 1.02 8.36 7.08 5.17 7.91 
2 FL 0.29 0.00 5.54 5.16 6.07 3.56 
3 TL 
2 
0.43 4.62 8.20 8.90 10.52 8.72 
4 FL 0.88 4.97 5.89 10.23 12.03 13.46 
Windbreaker 
1 TL 
1 
0.00 0.00 0.00 0.00 0.00 0.00 
2 FL 0.00 0.00 0.00 0.00 0.00 0.00 
3 TL 
2 
0.00 0.00 0.00 0.00 0.00 0.00 
4 FL 0.00 0.00 0.00 0.00 0.00 0.00 
Note. Values represent the average grade between the two garments of each type. The 
horizontal wicking rate was calculated using the following formula: 
W = π(1/4)(d1)(d2)/t 
where: 
W = wicking rate, mm2/s 
d1= wicking distance in length direction, mm and d2 = wicking distance in width 
direction, mm 
t = wicking time, s 
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Table B7 
 
Water Repellency: Spray Test, AATCC Test Method 22-2014 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
71.7 60.0 0.0 50.0 0.0 0.0 
2 FL 71.7 65.8 50.0 56.7 61.7 63.3 
3 TL 
2 
71.7 50.0 0.0 0.0 0.0 0.0 
4 FL 71.7 50.0 0.0 0.0 0.0 0.0 
Pant A 
1 TL 
1 
95.0 90.0 90.0 87.5 83.3 83.3 
2 FL 95.0 90.0 78.3 76.7 75.0 77.5 
3 TL 
2 
95.0 81.7 76.7 75.0 73.3 63.3 
4 FL 95.0 80.0 75.0 75.0 73.3 66.7 
Pant B 
1 TL 
1 
95.0 83.3 75.0 75.0 74.2 65.0 
2 FL 95.0 78.3 70.0 70.0 70.0 67.5 
3 TL 
2 
95.0 86.7 66.7 70.0 61.7 50.0 
4 FL 95.0 88.3 70.0 68.3 65.0 60.0 
Windbreaker 
1 TL 
1 
95.0 90.0 90.0 90.0 90.0 87.5 
2 FL 95.0 95.0 90.0 90.0 90.0 85.8 
3 TL 
2 
95.0 90.0 92.5 90.0 85.8 85.0 
4 FL 95.0 90.0 90.8 90.8 88.3 86.7 
Note. Values represent the average grade between the two garments of each type.  Higher 
values indicate better water repellency. 
 
Specimens received a grade, ranging from 0 to 100, based on comparison of the wetting 
pattern to those on the spray test rating chart.   The descriptions that correspond to the 
photographic standards are as follows:  
 
100: No Sticking or Wetting of the Specimen Face 
90: Slight Random Sticking or Wetting of the Specimen Face 
80: Wetting of the Specimen Face at Spray Points 
70: Partial Wetting of the Specimen Face Beyond the Spray Points 
50: Complete Wetting of the Entire Specimen Face Beyond the Spray Points 
0: Complete Wetting of the Entire Face of the Specimen 
 
Intermediate ratings can be used for ratings of 50 or higher (95, 85, 75, 60). 
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Table B8 
 
Water Resistance: Impact Penetration, AATCC Test Method 42-2013 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
12.2 23.0 20.6 20.8 24.6 21.9 
2 FL 15.4 26.5 22.8 23.7 25.8 20.8 
3 TL 
2 
11.7 23.1 20.1 20.2 24.8 24.0 
4 FL 22.5 24.8 24.1 25.0 24.8 26.1 
Pant A 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.0 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.1 0.1 0.1 0.1 0.1 
4 FL 0.0 0.0 0.1 0.1 0.2 0.5 
Pant B 
1 TL 
1 
0.1 0.1 0.0 0.0 0.2 0.0 
2 FL 0.1 0.1 0.0 0.0 0.2 0.0 
3 TL 
2 
0.1 0.1 0.0 0.0 0.0 0.0 
4 FL 0.2 0.2 0.0 0.1 1.1 2.5 
Windbreaker 
1 TL 
1 
0.1 0.0 0.1 0.1 0.2 0.1 
2 FL 0.0 0.0 0.0 0.0 0.1 0.0 
3 TL 
2 
0.1 0.1 0.2 0.0 0.1 1.3 
4 FL 0.1 0.0 0.2 0.0 0.1 1.1 
Note. Values represent the average grade between the two garments of each type.  Values 
show increase in blotter paper (g).  Higher values indicate better water resistance. 
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Table B9 
 
Water Resistance: Hydrostatic Pressure, AATCC Test Method 127-2014 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
9.18 7.74 6.12 4.25 4.17 3.06 
2 FL 8.76 7.65 5.02 5.27 4.68 5.19 
3 TL 
2 
9.78 5.61 0.00 3.15 1.70 0.00 
4 FL 8.93 6.46 1.36 2.55 0.00 2.21 
Pant A 
1 TL 
1 
48.37 35.62 31.45 30.77 23.97 25.84 
2 FL 55.42 44.54 38.00 30.69 25.84 28.65 
3 TL 
2 
39.78 33.32 24.65 30.01 25.25 19.13 
4 FL 38.25 30.69 21.42 28.48 21.76 23.12 
Pant B 
1 TL 
1 
15.47 14.62 13.52 13.09 11.31 11.14 
2 FL 15.47 15.30 14.11 13.77 13.01 13.52 
3 TL 
2 
14.79 14.03 11.22 17.60 10.37 10.20 
4 FL 14.88 14.11 11.56 15.22 9.10 8.93 
Windbreaker 
1 TL 
1 
43.52 21.68 30.09 23.38 17.34 20.40 
2 FL 38.76 34.85 39.10 23.46 19.81 23.46 
3 TL 
2 
37.15 22.27 14.03 19.64 24.31 11.31 
4 FL 48.62 24.48 21.76 18.19 17.09 18.45 
Note. Values represent the average grade between the two garments of each type.  Values 
show average pressure (cm) that caused three water droplets to penetrate fabric; 1 mBar = 
1.02 cm H20.  Higher values indicate better water resistance. 
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Table B10 
 
Absorbency of Textiles, AATCC Test Method 79-2014 (Face Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
60+ 60+ 42 23 5 6 
2 FL 60+ 60+ 24 15 13 49 
3 TL 
2 
60+ 46 6 2 1 0 
4 FL 60+ 44 0 1 0 0 
Legging A 
1 TL 
1 
3 3 3 2 1 0 
2 FL 3 4 2 1 1 1 
3 TL 
2 
10 2 1 0 5 0 
4 FL 4 2 0 3 0 0 
Legging B 
1 TL 
1 
31 6 26 2 1 11 
2 FL 57 60+ 5 9 4 58 
3 TL 
2 
41 2 0 0 4 0 
4 FL 60+ 3 0 1 0 0 
Legging C 
1 TL 
1 
2 2 22 8 15 12 
2 FL 2 10 14 60+ 17 53 
3 TL 
2 
3 3 7 1 16 3 
4 FL 3 3 1 5 1 0 
Pant A 
1 TL 
1 
60+ 60+ 60+ 60+ 60+ 60+ 
2 FL 60+ 60+ 60+ 60+ 60+ 60+ 
3 TL 
2 
60+ 60+ 60+ 60+ 60+ 60+ 
4 FL 60+ 60+ 60+ 60+ 60+ 60+ 
Pant B 
1 TL 
1 
60+ 60+ 60+ 60+ 60+ 60+ 
2 FL 60+ 60+ 60+ 60+ 60+ 60+ 
3 TL 
2 
60+ 60+ 60+ 60+ 60+ 60+ 
4 FL 60+ 60+ 60+ 60+ 60+ 60+ 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the time it took for water drop to absorb into fabric (seconds).  Lower values 
indicate better absorbency. 
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Table B10 (continued) 
 
Absorbency of Textiles, AATCC Test Method 79-2014 (Face Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Polo A 
1 TL 
1 
53 8 18 10 14 3 
2 FL 40 42 27 5 12 2 
3 TL 
2 
39 21 15 6 12 0 
4 FL 57 22 6 4 2 0 
Polo B 
1 TL 
1 
0 0 0 1 1 3 
2 FL 0 3 0 5 33 60+ 
3 TL 
2 
0 0 0 1 1 1 
4 FL 0 0 0 1 0 0 
T-Shirt A 
1 TL 
1 
0 0 0 0 2 0 
2 FL 0 1 0 1 2 5 
3 TL 
2 
0 0 0 2 1 0 
4 FL 0 0 0 2 0 0 
T-Shirt B 
1 TL 
1 
60+ 60+ 59 33 27 30 
2 FL 60+ 60+ 57 57 30 59 
3 TL 
2 
60+ 57 11 12 13 6 
4 FL 60+ 54 8 10 3 2 
Windbreaker 
1 TL 
1 
60+ 60+ 60+ 60+ 60+ 60+ 
2 FL 60+ 60+ 60+ 60+ 60+ 60+ 
3 TL 
2 
60+ 60+ 60+ 60+ 60+ 60+ 
4 FL 60+ 60+ 60+ 60+ 60+ 60+ 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the time it took for water drop to absorb into fabric (seconds).  Lower values 
indicate better absorbency. 
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Table B11 
 
Absorbency of Textiles, AATCC Test Method 79-2014 (Back Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
60+ 60+ 60+ 60+ 56 60+ 
2 FL 60+ 60+ 60+ 60+ 19 60+ 
3 TL 
2 
60+ 60+ 60+ 23 1 0 
4 FL 60+ 54 0 1 3 7 
Legging A 
1 TL 
1 
3 2 3 2 1 0 
2 FL 3 3 2 1 1 1 
3 TL 
2 
7 2 1 0 5 0 
4 FL 4 2 0 2 0 0 
Legging B 
1 TL 
1 
28 14 14 3 1 3 
2 FL 59 60+ 7 5 6 43 
3 TL 
2 
54 2 0 0 3 0 
4 FL 60+ 3 0 1 0 0 
Legging C 
1 TL 
1 
3 28 12 9 7 10 
2 FL 2 13 55 60+ 11 60+ 
3 TL 
2 
3 3 3 1 9 1 
4 FL 3 3 1 5 1 0 
Pant A 
1 TL 
1 
60+ 60+ 60+ 60+ 60+ 60+ 
2 FL 60+ 60+ 60+ 60+ 60+ 60+ 
3 TL 
2 
60+ 34 53 5 13 60+ 
4 FL 60+ 30 34 60+ 13 60+ 
Pant B 
1 TL 
1 
60+ 60+ 60+ 60+ 60+ 60+ 
2 FL 60+ 60+ 60+ 60+ 60+ 60+ 
3 TL 
2 
60+ 60+ 60+ 60+ 60+ 60+ 
4 FL 60+ 60+ 60+ 60+ 60+ 60+ 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the time it took for water drop to absorb into fabric (seconds).  Lower values 
indicate better absorbency. 
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Table B11 (continued) 
 
Absorbency of Textiles, AATCC Test Method 79-2014 (Back Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Polo A 
1 TL 
1 
58 15 29 12 18 2 
2 FL 49 49 25 5 12 2 
3 TL 
2 
60+ 38 8 6 10 1 
4 FL 60+ 27 8 5 2 1 
Polo B 
1 TL 
1 
0 0 0 0 1 2 
2 FL 0 3 0 3 21 59 
3 TL 
2 
0 0 0 1 1 0 
4 FL 0 0 0 2 0 0 
T-Shirt A 
1 TL 
1 
0 0 0 0 1 0 
2 FL 0 1 0 0 2 9 
3 TL 
2 
0 0 0 2 2 0 
4 FL 0 0 0 2 0 0 
T-Shirt B 
1 TL 
1 
60+ 60+ 60+ 41 35 37 
2 FL 60+ 60+ 58 59 26 58 
3 TL 
2 
60+ 51 16 10 11 7 
4 FL 60+ 60+ 10 9 4 2 
Windbreaker 
1 TL 
1 
60+ 60+ 60+ 60+ 60+ 60+ 
2 FL 60+ 60+ 60+ 60+ 60+ 60+ 
3 TL 
2 
60+ 60+ 60+ 60+ 60+ 60+ 
4 FL 60+ 60+ 60+ 60+ 60+ 60+ 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the time it took for water drop to absorb into fabric (seconds).  Lower values 
indicate better absorbency. 
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Table B12 
 
Aqueous Liquid Repellency, AATCC Test Method 193-2012 (Face Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
3.5 2.5 0.0 0.0 0.0 0.0 
2 FL 2.5 2.5 0.0 0.0 0.0 0.5 
3 TL 
2 
3.5 0.0 0.0 0.0 0.0 0.0 
4 FL 3.3 0.0 0.0 0.0 0.0 0.0 
Legging A 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.0 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
Legging B 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 1.5 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
Legging C 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.0 0.0 1.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the highest test liquid passed without wicking/wetting. 
 
Grade: Composition     Surface Tension (dynes/cm) 
0: None (Fails 98% Water) 
1: 98% Water / 2% Isopropyl Alcohol  59.0 
2: 95% Water / 5% Isopropyl Alcohol  50.0 
3: 90% Water / 10% Isopropyl Alcohol  42.0 
4: 80% Water / 20% Isopropyl Alcohol  33.0 
5: 70% Water / 30% Isopropyl Alcohol  27.5 
6: 60% Water / 40% Isopropyl Alcohol  25.4 
7: 50% Water / 50% Isopropyl Alcohol  24.5 
8: 40% Water / 60% Isopropyl Alcohol  24.0 
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Table B12 (continued) 
 
Aqueous Liquid Repellency, AATCC Test Method 193-2012 (Face Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Pant A 
1 TL 
1 
5.5 4.8 5.5 4.0 4.5 4.5 
2 FL 7.5 5.5 5.5 4.0 4.5 3.5 
3 TL 
2 
5.5 5.5 4.5 4.0 4.0 2.5 
4 FL 6.5 5.5 3.5 3.5 3.0 2.5 
Pant B 
1 TL 
1 
7.5 7.0 7.5 6.5 5.3 5.5 
2 FL 7.5 7.8 7.5 7.5 6.5 5.5 
3 TL 
2 
7.5 7.5 7.5 6.5 6.0 6.0 
4 FL 8.0 7.5 7.0 5.5 5.0 4.5 
Polo A 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.0 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
Polo B 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.0 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the highest test liquid passed without wicking/wetting. 
 
Grade: Composition     Surface Tension (dynes/cm) 
0: None (Fails 98% Water) 
1: 98% Water / 2% Isopropyl Alcohol  59.0 
2: 95% Water / 5% Isopropyl Alcohol  50.0 
3: 90% Water / 10% Isopropyl Alcohol  42.0 
4: 80% Water / 20% Isopropyl Alcohol  33.0 
5: 70% Water / 30% Isopropyl Alcohol  27.5 
6: 60% Water / 40% Isopropyl Alcohol  25.4 
7: 50% Water / 50% Isopropyl Alcohol  24.5 
8: 40% Water / 60% Isopropyl Alcohol  24.0 
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Table B12 (continued) 
 
Aqueous Liquid Repellency, AATCC Test Method 193-2012 (Face Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
T-Shirt A 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.0 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
T-Shirt B 
1 TL 
1 
2.8 2.8 1.8 0.3 0.0 0.0 
2 FL 3.3 3.8 3.0 0.0 0.0 0.0 
3 TL 
2 
3.5 3.0 0.0 0.0 0.0 0.0 
4 FL 3.5 3.0 0.0 0.0 0.0 0.0 
Windbreaker 
1 TL 
1 
3.0 2.5 4.5 2.0 2.5 2.5 
2 FL 3.5 2.5 4.5 2.5 2.0 2.5 
3 TL 
2 
3.5 3.5 3.0 2.5 2.0 2.0 
4 FL 3.5 3.5 2.5 2.0 2.0 3.0 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the highest test liquid passed without wicking/wetting. 
 
Grade: Composition     Surface Tension (dynes/cm) 
0: None (Fails 98% Water) 
1: 98% Water / 2% Isopropyl Alcohol  59.0 
2: 95% Water / 5% Isopropyl Alcohol  50.0 
3: 90% Water / 10% Isopropyl Alcohol  42.0 
4: 80% Water / 20% Isopropyl Alcohol  33.0 
5: 70% Water / 30% Isopropyl Alcohol  27.5 
6: 60% Water / 40% Isopropyl Alcohol  25.4 
7: 50% Water / 50% Isopropyl Alcohol  24.5 
8: 40% Water / 60% Isopropyl Alcohol  24.0 
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Table B13 
 
Aqueous Liquid Repellency, AATCC Test Method 193-2012 (Back Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
4.5 4.0 4.0 1.8 2.0 3.0 
2 FL 4.5 3.5 3.5 2.5 2.5 2.5 
3 TL 
2 
5.5 3.0 0.5 0.0 0.0 0.0 
4 FL 5.5 2.0 0.0 0.0 0.0 0.0 
Legging A 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.0 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
Legging B 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.5 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
Legging C 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 2.0 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the highest test liquid passed without wicking/wetting. 
 
Grade: Composition     Surface Tension (dynes/cm) 
0: None (Fails 98% Water) 
1: 98% Water / 2% Isopropyl Alcohol  59.0 
2: 95% Water / 5% Isopropyl Alcohol  50.0 
3: 90% Water / 10% Isopropyl Alcohol  42.0 
4: 80% Water / 20% Isopropyl Alcohol  33.0 
5: 70% Water / 30% Isopropyl Alcohol  27.5 
6: 60% Water / 40% Isopropyl Alcohol  25.4 
7: 50% Water / 50% Isopropyl Alcohol  24.5 
8: 40% Water / 60% Isopropyl Alcohol  24.0 
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Table B13 (continued) 
 
Aqueous Liquid Repellency, AATCC Test Method 193-2012 (Back Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Pant A 
1 TL 
1 
2.0 0.0 0.0 3.0 2.5 3.5 
2 FL 1.5 3.0 0.0 1.3 2.0 1.8 
3 TL 
2 
2.5 0.0 0.0 0.0 0.0 0.0 
4 FL 3.3 0.0 0.0 0.0 0.0 0.0 
Pant B 
1 TL 
1 
7.5 7.3 7.8 6.5 8.0 8.0 
2 FL 7.5 7.3 7.8 7.5 6.5 7.5 
3 TL 
2 
8.0 8.0 8.0 8.0 6.0 7.3 
4 FL 7.5 8.0 7.5 7.0 4.5 4.3 
Polo A 
1 TL 
1 
2.5 0.5 0.0 0.0 0.0 0.0 
2 FL 1.5 0.0 0.0 0.0 0.0 0.0 
3 TL 
2 
1.0 0.0 0.0 0.0 0.0 0.0 
4 FL 6.5 0.0 0.0 0.0 0.0 0.0 
Polo B 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.0 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the highest test liquid passed without wicking/wetting. 
 
Grade: Composition     Surface Tension (dynes/cm) 
0: None (Fails 98% Water) 
1: 98% Water / 2% Isopropyl Alcohol  59.0 
2: 95% Water / 5% Isopropyl Alcohol  50.0 
3: 90% Water / 10% Isopropyl Alcohol  42.0 
4: 80% Water / 20% Isopropyl Alcohol  33.0 
5: 70% Water / 30% Isopropyl Alcohol  27.5 
6: 60% Water / 40% Isopropyl Alcohol  25.4 
7: 50% Water / 50% Isopropyl Alcohol  24.5 
8: 40% Water / 60% Isopropyl Alcohol  24.0 
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Table B13 (continued) 
 
Aqueous Liquid Repellency, AATCC Test Method 193-2012 (Back Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
T-Shirt A 
1 TL 
1 
0.0 0.0 0.0 0.0 0.0 0.0 
2 FL 0.0 0.0 0.0 0.0 0.0 0.0 
3 TL 
2 
0.0 0.0 0.0 0.0 0.0 0.0 
4 FL 0.0 0.0 0.0 0.0 0.0 0.0 
T-Shirt B 
1 TL 
1 
3.3 3.0 2.8 1.5 0.8 0.0 
2 FL 3.5 3.3 3.0 0.8 0.0 0.0 
3 TL 
2 
3.5 2.8 0.0 0.0 0.0 0.0 
4 FL 3.5 3.0 0.0 0.0 0.0 0.0 
Windbreaker 
1 TL 
1 
3.5 2.8 3.5 3.0 2.5 2.5 
2 FL 3.5 2.5 3.5 2.0 2.5 2.5 
3 TL 
2 
2.8 3.3 2.5 2.5 2.5 2.5 
4 FL 3.0 3.5 2.5 2.5 1.5 1.5 
Note. Values represent the average grade between the two garments of each type.  Values 
indicate the highest test liquid passed without wicking/wetting. 
 
Grade: Composition     Surface Tension (dynes/cm) 
0: None (Fails 98% Water) 
1: 98% Water / 2% Isopropyl Alcohol  59.0 
2: 95% Water / 5% Isopropyl Alcohol  50.0 
3: 90% Water / 10% Isopropyl Alcohol  42.0 
4: 80% Water / 20% Isopropyl Alcohol  33.0 
5: 70% Water / 30% Isopropyl Alcohol  27.5 
6: 60% Water / 40% Isopropyl Alcohol  25.4 
7: 50% Water / 50% Isopropyl Alcohol  24.5 
8: 40% Water / 60% Isopropyl Alcohol  24.0 
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Table B14 
 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012) (Face Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
170.0 163.3 153.9 151.2 141.0 154.0 
2 FL 161.1 160.1 152.5 145.3 145.2 145.9 
3 TL 
2 
169.9 162.7 154.5 147.5 144.1 146.1 
4 FL 180.1 175.3 166.2 162.6 157.4 163.3 
Legging A 
1 TL 
1 
18.73 17.88 16.86 17.66 17.85 17.44 
2 FL 16.61 16.99 16.71 21.92 17.70 19.57 
3 TL 
2 
16.10 14.80 15.05 16.06 16.53 16.65 
4 FL 16.51 21.95 16.22 22.78 20.41 15.99 
Legging B 
1 TL 
1 
19.50 18.66 17.96 17.86 18.38 18.52 
2 FL 20.40 19.36 17.78 18.12 19.10 17.50 
3 TL 
2 
18.64 17.20 18.56 17.24 18.30 16.94 
4 FL 20.58 19.32 17.76 30.80 18.18 14.58 
Legging C 
1 TL 
1 
24.26 27.20 23.02 22.02 23.10 18.64 
2 FL 21.90 22.10 20.50 19.84 17.86 19.68 
3 TL 
2 
24.14 26.22 27.08 23.92 25.40 19.14 
4 FL 25.52 26.14 24.32 29.74 25.06 16.56 
Pant A 
1 TL 
1 
0.25 0.30 0.42 0.44 0.47 0.57 
2 FL 0.70 0.29 0.62 0.66 0.63 0.93 
3 TL 
2 
1.51 1.28 2.02 2.64 2.37 2.93 
4 FL 1.65 1.44 1.74 2.26 3.25 1.94 
Pant B 
1 TL 
1 
121.9 100.2 96.12 92.20 101.3 98.22 
2 FL 111.2 100.4 89.04 96.45 85.99 90.00 
3 TL 
2 
111.8 99.02 97.76 93.97 89.82 85.64 
4 FL 118.0 105.3 94.20 102.3 95.54 91.18 
Note. Values represent the average grade between the two garments of each type.  Values 
are in cubic feet per minute (cfm).  Higher values indicate better air permeability. 
 
 
 
 
 
 
 
 
 
137 
Table B14 (continued) 
 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012) (Face Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Polo A 
1 TL 
1 
177.9 143.2 125.6 121.5 121.1 120.8 
2 FL 177 152.1 124.3 123.1 129.5 121.3 
3 TL 
2 
180.6 154.9 134.8 129.7 120.3 117.4 
4 FL 173.6 139.2 141.2 110.2 114.3 112.6 
Polo B 
1 TL 
1 
479.4 469.7 443.6 423.3 415.9 410 
2 FL 472.5 461.7 419.9 407.3 409.1 399.8 
3 TL 
2 
461.6 459.4 422.2 400.9 392.6 376.9 
4 FL 474.2 451.2 449.5 420.5 393.9 418.7 
T-Shirt A 
1 TL 
1 
438 411.5 378.9 365.8 347.3 366.1 
2 FL 436.8 408.5 372.8 355.6 352.9 351.7 
3 TL 
2 
437.8 415.3 376.2 368.9 348.9 356.9 
4 FL 447.6 434.6 411.5 368.70 359.3 359.1 
T-Shirt B 
1 TL 
1 
64.28 59.21 57.59 59.42 58.71 62.69 
2 FL 67.61 62.03 62.44 62.86 68.42 64.02 
3 TL 
2 
64.82 61.73 60.99 60.93 57.98 59.79 
4 FL 69.15 62.04 74.31 57.80 63.16 57.48 
Windbreaker 
1 TL 
1 
0.53 0.69 0.91 1.08 1.20 1.28 
2 FL 0.54 0.63 0.85 0.54 1.03 1.05 
3 TL 
2 
0.52 0.62 0.96 1.01 1.16 1.21 
4 FL 0.46 0.64 0.94 1.26 1.32 1.50 
Note. Values represent the average grade between the two garments of each type.  Values 
are in cubic feet per minute (cfm).  Higher values indicate better air permeability. 
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Table B15 
 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012 (Back Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Hoodie 
1 TL 
1 
179.1 171.1 159.8 154 151.1 147.2 
2 FL 167.4 164.8 155.6 147.3 148.3 149.4 
3 TL 
2 
179.0 167.7 157.1 157.4 150 146.6 
4 FL 186.7 177.6 174.3 170.8 162.9 160.1 
Legging A 
1 TL 
1 
20.90 18.62 18.87 19.28 18.19 19.90 
2 FL 18.44 18.03 19.47 36.38 18.28 20.24 
3 TL 
2 
18.96 15.51 16.90 16.16 17.48 17.22 
4 FL 17.87 18.31 18.88 24.32 19.51 18.11 
Legging B 
1 TL 
1 
20.74 20.38 18.00 18.10 18.20 18.80 
2 FL 20.78 19.12 16.48 17.76 18.42 18.14 
3 TL 
2 
18.28 16.74 16.98 17.38 16.90 17.68 
4 FL 19.50 19.74 17.72 25.94 18.92 17.84 
Legging C 
1 TL 
1 
24.26 23.58 24.18 19.46 23.08 19.60 
2 FL 20.36 19.64 20.70 19.64 23.42 19.22 
3 TL 
2 
23.94 24.12 20.26 23.14 21.36 19.00 
4 FL 22.28 25.02 21.96 19.76 20.02 16.26 
Pant A 
1 TL 
1 
0.54 0.68 0.99 1.80 0.70 0.70 
2 FL 1.05 0.61 1.05 1.51 1.01 2.07 
3 TL 
2 
1.96 1.77 2.50 3.15 3.06 3.17 
4 FL 3.54 2.48 2.99 3.08 3.73 2.62 
Pant B 
1 TL 
1 
121.9 102.9 100.9 106.9 103.1 115.1 
2 FL 111.3 101.9 101.7 108.1 104.3 92.49 
3 TL 
2 
111.5 96.62 103.3 94.74 94.29 93.98 
4 FL 117.2 110.4 101.4 113.3 111.5 91.47 
Note. Values represent the average grade between the two garments of each type.  Values 
are in cubic feet per minute (cfm).  Higher values indicate better air permeability. 
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Table B15 (continued) 
 
Air Permeability of Textile Fabrics, ASTM Test Method D737-04(2012) (Back Side) 
 
G
arm
ent 
L
oad 
W
asher 
D
etergent 
Initial 
W
ash 1 
W
ash 5 
W
ash 10 
W
ash 15 
W
ash 20 
Polo A 
1 TL 
1 
180.7 143.6 132.0 130.6 115.7 134.8 
2 FL 180.9 153.7 121.6 116.4 129.8 122.3 
3 TL 
2 
175.4 161.3 134.2 127.8 122.7 120.7 
4 FL 173.8 141.3 152.3 113.62 129.5 115.2 
Polo B 
1 TL 
1 
480.8 470.5 446.0 420.8 407.3 411.6 
2 FL 472.2 466.1 431.7 410.6 403.4 398.6 
3 TL 
2 
465.6 452.0 419.7 409.50 390.2 392.9 
4 FL 474.3 460.3 447.7 418.70 411.6 389.5 
T-Shirt A 
1 TL 
1 
438.3 407.4 383.6 364.20 359.1 378.2 
2 FL 440.9 413.8 381.0 366.80 356.6 362.0 
3 TL 
2 
437.7 422.5 379.2 371 346.7 361.5 
4 FL 451.1 441.1 415.2 387.6 366.8 371.1 
T-Shirt B 
1 TL 
1 
61.61 58.13 57.10 58.13 56.67 67.42 
2 FL 70.73 64.67 60.94 64.53 62.44 65.16 
3 TL 
2 
63.39 60.77 62.79 58.03 57.37 60.87 
4 FL 68.75 63.33 87.00 64.74 60.27 65.33 
Windbreaker 
1 TL 
1 
0.53 0.65 0.96 1.07 1.18 1.29 
2 FL 0.54 0.64 0.87 0.55 1.00 1.05 
3 TL 
2 
0.51 0.62 0.91 1.06 1.17 1.23 
4 FL 0.46 0.63 0.97 1.26 1.39 1.49 
Note. Values represent the average grade between the two garments of each type.  Values 
are in cubic feet per minute (cfm).  Higher values indicate better air permeability. 
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